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Building Mountains (pp. 5-8) 


Earth Science Topics: Isostasy, moun- 
tain building, stratigraphy 

Biology Topic: Evolution (age of fos- 
sils) 


sbout This Article 


“Terra” does not appear so “firma” 
when you read this article. It deals 
with sinking basins, drifting continents, 
and floating mountains—all in an at- 
tempt to explain why the mountains of 
the world are where they are and how 
they got there. 

Four distinct theories are presented: 
the “dry apple” theory of Charles Dar- 
win, the “jigsaw puzzle” theory of Al- 
fred Wegener, the “convection current” 
theory, and the “shifting crust” theory. 
When it comes to evaluating these theo- 
ties in terms of evidence, we become 
involved in such “IGY” phenomena as 
the study of polar icecaps, the calcu- 
lations of orbits of artificial satellites, 
and the digging of a hole through the 
earth’s crust at the bottom of the sea 
(Project Mohole). 


Why does man study the origin of 
mountains? For the same reason he 
climbs them—“because they are there,” 
and they are awesomely beautiful. The 
young readers of this article will surely 
discover that studying about mountains 
and theorizing about their origin can be 
as exciting as climbing them. 
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for all teachers of science... 
beginning in September, 


there will be 


TWO EDITIONS 


of SCIENCE WORLD 


SCIENCE WORLD I (Junior Edition) — for general 
science classes, grades 7, 8 and 9. Articles will be short, 
written especially for the younger student, and 
oriented to the junior high curriculum. The news 
pages will stress scientific principles that underlie 
recent developments. “Tomorrow's Scientists” will 
present science projects by junior high winners of 
NSTA Achievement Awards. And an exclusive new 
feature will present biographies of great scientists of 
the past, showing their contributions to science today. 


SCIENCE WORLD II (Senior Edition) — keyed to the 
more specialized branches of science taught in senior 
high: biology, chemistry, physics, earth science. Wide- 
ranging articles will explore recent developments in 
science and technology, relating them to fundamen- 
tals of the senior high science curriculum. Science 
news stories will emphasize basic principles. And 
there'll be all the regular departments your students 
have enjoyed this year . . . including projects by stu- 
dent winners of Achievement Awards, in the special 
NSTA section, “Tomorrow’s Scientists.” 


Now you will be able to choose the edition of ScrENCE 
Wor tp that best suits your classroom needs! See de- 
tails on how to reserve your copies now—page 2T. 
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Topics for Reports and Discussion 


1. What is the theory of isostasy? 

2. Explain how the isostatic balance 
in a given part of the earth may come 
to be disturbed. 

8. Describe what may happen when 
isostatic balance is disturbed. 

4. For each of the following theories 
(a) describe the theory, and (b) state 
why it is not wholly acceptable: (1) 
the dry apple theory; (2) the jigsaw 
puzzle theory; (3) the convection cur- 
rent theory; (4) the shifting crust 
theory. 


Living “Clocks” (pp. 9-12) 


Biology Topics: Behavior, reproduction, 
ecology 


About This Article 


Nothing is more fundamental in na- 
ture than rhythm. Regularity in rota- 
tion, revolution, vibration, and oscilla- 
tion are manifest in heavenly bodies, 
in molecules, and in electrons. It would, 
indeed, be surprising if evidence of such 
regularities and rhythms had not been 
found in living things. In a way, cycles 
of youth and old age, birth and death, 
alternation of generations, alternations 
of species-abundance and _ scarcity—all 
represent rhythms of sorts. But this 
article discusses some more obvious 
rhythms in specific plants and animals, 
and it goes on to describe some striking 
research — including experimentation— 
that is currently going on in this field. 
The article describes the experiments of 
Dr. Earl Segal with garden slugs, of 
Dr. Frank A. Brown with fiddler crabs 
and potatoes, of Dr. Hans Kalmus with 
bees, of Dr. Gustav Kramer with star- 
lings, of Dr. Klaus Schmidt-Koenig with 
homing pigeons, and of Dr. Charles 








Ehret with paramecia—truly a feast of 
wonderment for any biology class study- 
behavior, reproduction, or ecology. 


Topics for Reports and Discussion 


1. Describe how the breeding cycle 
of the grunion is tied to spring tides. 

2. Describe how the homing charac- 
teristic of carrier pigeons was disturbed 
by resetting the 24-hour time cycle. 

3. For each of the following experi- 
mental studies, describe (a) the objec- 
tive; (b) the methods; (c) the observa- 
tions; and (d) the “conclusions”: 

1. Segal’s experiments with garden 
slugs. 

2. Brown’s experiments with fiddler 
crabs. 

3. Kramer’s experiments with star- 
lings. 

4, Schmidt-Koenig’s experiments with 
pigeons. 

5. Ehret’s experiments with para- 
mecia. 

6. Kalmus’ experiments with bees. 


Light Twisters (pp. 13-16) 


General Science Topic: New _instru- 
ments for the scientist 
Physics Topics: Reflection and refrac- 


tion of light 
About This Article 


Principles of geometrical optics, dis- 
covered by Sir Isaac Newton some 
three centuries ago, are presently being 
applied in a whole family of new de- 
vices built around glass threads 3 * 10°3 
inches in diameter Fifteen thousand 
of such threads pack into a bundle 
only a quarter of an inch in diameter. 
Curved, twisted, or looped, these bun- 
dles transmit light just as curved, twist- 
ed, or looped wires transmit electricity. 








Among the devices having such glass 
threads are the endoscope and the 
oxymeter, useful to the physician, the 
fiberscope used as a decoding appara- 
tus, special lenses useful in ultra high- 
speed photography, and improved spec- 
trographs useful in astronomy. In the 
future, hundreds of new uses may be 
found. 

The article does more than describe 
these devices; it explains the physical 
principles (fiber optics) on which these 
devices are based. The article might 
serve very well, therefore, as “exten- 
sion” and enrichment in the study of 
the standard unit on light. 


Topics for Reports and Discussion 


1. Describe the structure of a fiber. 
scope. 

2. Explain this statement: “The fiber- 
scope violates no laws of nature.” 

3. Explain why the walls of fiberglass 
in a fiberscope should be perfectly 
smooth. 

4. Explain how a fiberscope can trans- 
mit a “picture.” 

5. Describe a device, based on fiber 
optics, that is useful (a) in medicine; 
(b) in photography; (c) in astronomy. 


Today’s Scientists--Dr. Walter 
H. Brattain (p. 30) 


Physics Topics: Semiconductors, the 
transistor 

Vocational Guidance: Electronics and 
electronic engineering 


About This Article 


One day it may be said that the 
most versatile natural force discovered 
by man is the invisible and elusive 

(Continued on page 3-T) 








It’s easy to order ScieNcE Wor tp in ad- 
vance—for a head start with your classes next 
fall. And you can do it at no risk. 


Enter a “tentative” order now for the num- 
ber of copies you expect to need. When school 
opens in September, the first issue will be 
waiting for you, to help get new classes under 
way. Later, when your exact needs are known, 
revise the total as necessary. You'll be billed 
only after your order is final. 


For biology, chemistry or physics classes, 
order ScrENCE Wor tp II. For general science 
classes, order ScrENCE Wor.p I. 


SCIENCE WORLD, 33 West 42nd Street, New York 36, N. Y. 


ORDER SCIENCE WORLD NOW—AT NO RISK 


copies are not marked “senior” or “junior,” 
since many senior high teachers may find the 
junior, or general science, edition better for 
their needs.) If you will have both general 
and advanced students, order both editions. 


(Student 


ScreNCE Wok p is published bi-weekly (16 
issues during the school year). Junior Edition 
(ScrenceE Wortp I), 75¢ per semester, $1.00 
per school year. Senior edition 
Wor.p II), $1.00 per semester, $1.50 per 
school year. (Fewer than five copies to one 
address, either edition, sold on full-year basis 
only, $1.50 each.) Mail your order to... 
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Tree RES! S UP TO YOU! 


A driver training class is lots of fun, to be sure. But 
along with the fun goes a big responsibility: to 
remember and to use all that you are taught about 
safe driving. Your mom and dad count on this every 
time they hand you the keys to the family car. They 
are charging you with the safety of everyone in your 
car and everyone you meet on the road. And so are 
the authorities who issued your driver’s license. 
You’re getting plenty of help, though, when it 
comes to driving safely. From the instructor who 
taught you safe driving skills; from the automotive 


GENERAL MOTORS 


engineers who every year build new and improved 
safety features into the cars; from traffic experts 
who constantly analyze and revise traffic patterns 
to minimize driving hazards; and from highway 
engineers who flatten hills and fill valleys, bank 
curves and widen lanes. 

This is all to the good, but the final responsibility 
is still the driver’s. So practice courtesy, caution, 
alertness and respect for the rights of others. You'll 
be a safer driver, you'll enjoy driving more, and 
you'll better your chances of getting the car. 


A CAR 1S A BIG RESPONSIBILITY—SO HANDLE WITH CARE! 


CHEVROLET - PONTIAC - OLDSMOBILE + BUICK + CADILLAC - All with Body by Fisher 
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Science in Quotes 


Today there is still contentment for naturalists to 
be found in exploring the worlds beneath our feet, 
and with man seriously making ready for the ex- 
ploration of outer space and the other planets, 
there is the more reason to emphasize how much 
he has still to learn about his own. Doubtless... 
we must conquer space, but those who are in such 
haste to get to other worlds for the mere sake of 
the thing are like children in a museum who rush 
pell-mell to the top floor in noisy haste after naught 
but impatient glances at the exhibits below. 

My summed experiences point for me to some- 
thing so infinitely involved, something so marvel- 
ously constructed as a whole, that we shall never 
grasp its secrets fully in the test tubes of the 
laboratory. —Paut GriswoLtp Howes 





















Car Crash 


Dear Editor: 

Can you tell me which of these auto- 
mobile crashes would be most destruc- 
tive: Two 3,000-pound cars crashing 
head on when each is traveling 50 miles 
per hour, or one 3,000-pound car crash- 
ing into an immovable object at 100 
miles per hour? 

William W. Hockenberry 
Moniteau High School 
West Sunbury, Penna. 


Answer: The velocities at impact 
would be the same in each case. In the 
two-car crash, the cars would close the 
distance between them at 100 mph. 
But destructiveness of a crash depends 
upon the rate of energy release. Thus 
there may be more damage when a car 
going 100 mph strikes an immovable 
wall than when two cars collide. In the 
one-car crash, damage is absorbed by 
one car. In the two-car crash, each car 
would absorb half of the energy. 


Removing Salt from the Soil 
Dear Editor: 

How were the Dutch able to rid their 
soil of the salt left behind by the dis- 
astrous Atlantic floods of 1953? 

Lawrence Kay 
Berkeley, California 


Answer: The salt was removed from 
the soil by flooding the land with fresh 
water piped in from rivers such as the 
Rhine. The salt was dissolved in the 
fresh water, which was then pumped 
out into the sea. This process was re- 
peated several times until most of the 
salt had been removed from the land. 


Solar Cells 


Dear Editor: 

Could you please explain the differ- 
ence between photoelectric cells and 
silicon solar cells? 

Denise Dawson 
Sacred Heart High School 
Salina, Kansas 


Answer: If the word “photoelectric” 
is used correctly, it means any device 
which converts light to electricity. For 
many years one of the most common 
photoelectric cells was the vacuum-tube 
type. It consisted of a rod and a curved 
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Wide World photo 


Crash at 50 mph with dummy drivers and passengers was set up by engineers for test 
purposes. One phase of test was to find value of seat belts. Belts increased safety. 


metal plate in a glass vacuum tube. The 
radiant energy of light striking the plate 
would knock off electrons, which would 
then travel to the rod, permitting an 
electric current to flow. Today, how- 
ever, there are many materials which 
can be made sensitive to light so that 
they release electrons when illuminated. 
One of these is the element silicon, 
which is used in transistors and other 
semiconductors. When the radiant 
energy of light strikes a piece of prop- 
erly prepared silicon, electrons are re- 
leased, and their flow constitutes a cur- 
rent. In this way the silicon solar cell 
generates electricity. Over 4,800 solar 
cells were mounted on the “paddles” 
of the Pioneer V planetoid recently sent 
into orbit around the sun (see p. 30, 
this issue, and Science World, March 
16, p. 25). 


Jet Stream 
Dear Editor: 
What is the jet stream? 
Carol Ann Paszynsky 
Kansas City, Mo. 


Answer: Meteorologists have recently 
discovered within the stratosphere very 
strong “rivers” of wind called jet streams, 
which move at speeds up to 300 miles 
per hour. Most of these flow from east 
to west and scientists are able to cal- 
culate where the jet streams will be at 





a given time. Planes flying at high alti- 
tudes often take advantage of these 
high-speed winds in traveling from east 
to west. A number of distance-flying 
records have been made by planes 
“riding the jet stream.” 


Binary Numbers 
Dear Editor: 
What are binary numbers and how 
are they used? 
Allan Divor 
Philadelphia, Pa 


Answer: Binary numbers are merely 
a means of counting by using two sym- 
bols in place of the ten we ordinarily 
use in the decimal system. The digits 
from zero through 9 are the ten symbols 
of the decimal system. In this system 
any number larger than nine must be 
counted with at least two digits. In the 
binary system, there are only two sym- 
bols, usually represented by the digits 
0 and 1. Since there are only two digits, 
any number larger than one must be 
counted with two or more binary digits. 
In the binary system, 2 is written as 1 0, 
three is written as 1 1, four as 1 0 0, 
five as 1 0 1, ete. The binary number 
system is used extensively in computers, 
where numbers are added by turning 
electrical impulses “on” or “off,” so that 
“on” represents 1 and “off” represents 
0 in the binary number system. 
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All men are 


What is the origin of 


By BEN PATRUSKY 


OOK at a relief map of the earth. 

Running along the western edge 
of North and South America is a 
great backbone of rock—stretching 
from the tip of the Aleutians in 
Alaska almost to Cape Horn at the 
tip of South America. Travel posters 
from Switzerland and Austria _pic- 
ture towering snow-capped peaks. 
And you know of the great Hima- 
layan range in Central Asia, where 
20,000-foot peaks are commonplace. 

It is difficult to imagine that the 
mountain ranges which add so much 
to the beauty of our planet were not 
always there. But they weren't. The 
mountains of the western Americas, 
the Alps of Europe, and the Hima- 
layas of Asia are young mountains— 
in fact, still growing. 
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stirred by the beauty of mountains, but scientists seek to 


It is also difficult for us to visual- 
ize that many of the rounded, for- 
ested hills we see are the remnants 
of mountains. Millions upon millions 
of years ago these hills resembled 
the jagged, snow-capped peaks of 
the young mountains. 


Our Sculptured Earth 

The surface features of earth are 
shaped by two sets of opposing 
“forces.” The external forces—wind, 
moving water, ice, and weathering 
—produce decomposition and disin- 
tegration. These sculpture the sur- 
face of the earth. Over millions of 
years, they have worn great moun- 
tain chains to rounded hills. The in- 
ternal forces are constantly changing 
the interior of the earth. They give 
rise to earthquakes and volcanoes, 
producing stresses which can move 








Canadian National Railways 


understand the forces that thrust them skyward. 


mountains? There are many theories—none satisfactory 


and bring about changes in rock, 
raising lofty mountain chains. 

Evidence suggests that these op- 
posing forces are active at the same 
time. Some geologists, however, pre- 
fer the theory that there are periods 
when the internal forces are rela- 
tively inactive. They theorize that 
during the periods of inactivity, the 
external forces reduce jagged peaks 
to rounded mountains such as the 
Appalachians. 

Earthquakes and volcanoes pro- 
vide sudden and dramatic evidence 
of the internal forces associated with 
mountain building. In human terms, 
however, mountain building is a 
slow process. Analysis of rock sam- 
ples from the “young” Rockies in- 
dicates they are at least 80,000,000 
years old. 

Direct knowledge of the earth’s 
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interior is limited. But vulcanologists 
and seismologists have accumulated 
many observations that permit them 
to theorize about the materials and 
forces in the earth. 

Lacking direct evidence, it is not 
at all strange to find geologists dis- 
agreeing about the origin of the 
forces in the earth’s interior, and 
how they are involved in mountain 
building. No theory completely sat- 
isfies all geologists. But there is 
agreement on some of the geological 
events involved in mountain build- 
ing. 

In most cases, when mountain 
building begins, a region of the 
earth’s surface is acted upon by 
forces which tend to form a long, 
shallow depression in the surface. 
This depression, called a geosyncline, 
may stretch the length of a conti- 
nent, becoming an arm of the sea. 
Eventually the depression fills with 
sediments of disintegrated rock, 
wind-carried dust, and plant and 
animal life. 


How Mountains Fold 

Slowly, under the weight of ac- 
cumulated sediments, the depression 
becomes deeper. As the geosyncline 
deepens, the sediments at the bot- 
tom, under pressure and heat, tend 
to become a compact mass. Over 
millions of years, the sediments 
eventually become sedimentary rock. 
This soft, sedimentary rock becomes 
stronger—more competent, geologists 
say. At the very bottom, some of the 
deeply buried sedimentary rock 
mass, yielding to the pressures and 
high temperatures caused by the 
mass above, becomes plastic (slow- 
ly flowing) and folds. 

At this point, magma (molten 
rock) which has originated below 
the geosyncline finds its way into 
this rock mass. The intense heat 
accompanying the magma enables 
the rock to fold more quickly. As 
the rock folds, it buckles downward 
and the geosyncline sinks. At the 
close of the folding process, the 
whole mass begins to rise. 

The downfolded rocks are much 
less dense than the area surrounding 
them. Thus the folded rocks are 
eventually forced upward. This stage 
of mountain building illustrates the 
principle geologists call “isostasy” 
(from the Greek iso, meaning equal, 
and stasy, standing). You can visu- 
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them up. The layers are not folded, but raised up in a dome. While the 
domes rise, surface layers of sedimentary rock are usually cracked. 


alize this by imagining a cork re- 
leased below the surface of water. 
The cork bobs up because it is less 
dense than the water surrounding 
it. 

During the process of upheaval, 
a section of the earth’s crust may 
slip or fracture at a weak point— 
called a fault. Movement of the 
earth along these fractures may raise 
large blocks of crustal materials to 
mountainous proportions. Also, the 
magma beneath the crust may find 
its way upward through the fault. 
As the magma breaks through, it 
piles up and solidifies. In this way, 
voleanic action builds mountains. 

The mountain ceases to rise when 
it balances the forces pushing it up. 
The mountain is then said to be in 
a state of isostasy. 

Some geologists question the 
mechanism of isostasy. How, they 
ask, did the “cork” get pushed down 
in the first place? 


Contraction Theory 

How do scientists fit the available 
evidence—both direct and indirect— 
into a theory explaining mountain 
building? There are four principal 
theories. Geologists do not consider 
any of them entirely satisfactory. 
Each theory has some supporters. 
At the same time, it is also opposed 
by some other scientists. 

In reading about the theories, 
keep in mind that each is simply an 
educated guess. Each is based on a 
set of given conditions for which 
there is very little or no directly ob- 
servable evidence. 

More than a century ago, Charles 
Darwin, the famous naturalist, ad- 
vanced his contraction theory, some- 
times called the “dry apple” theory. 
The earth, he said, was once entirely 
molten. In the course of millions of 
years, it cooled and a solid crust 


was formed. The crust solidified 
downwards towards the center. 

As cooling proceeded, the earth 
shrank. But the solid crust could 
adapt to this contraction only by 
wrinkling, much as the skin of an 
apple wrinkles as its pulp loses mois- 
ture. 

Some 40 years ago, however, an 
American geologist, Clarence Dut- 
ton, made a close study of the earth’s 
mountain chains. After careful cal- 
culations, he announced that the 
patterns of the earth produced by 
Darwin's wrinkling theory would 
bear no resemblance to existing 
mountain ranges. 

Furthermore, chemical evidence 
does not support a molten earth 
hypothesis. The presence in the 
earth’s crust of substances which 
evaporate easily—such as sulfur, 
for example—is evidence contradict- 
ing the existence of high tempera- 
tures at any time in the earth's his- 
tory. 

The dry apple theory is further 
contradicted by observable evidence. 
The skin of an apple will wrinkle 
uniformly, not in narrow bands—as 
folded mountains are distributed on 
the earth’s surface. 


Drifting Continents 


In 1910 a German meteorologist, 
Dr. Alfred Wegener, suggested that 
until about 200,000,000 years ago, all 
the continents of the earth were 
joined together in one huge land 
mass he called Gondwanaland. Sup- 
posedly, this mass remained intact 
until some force caused the mass to 
separate into continents. Wegener 
suggested that the same force which 
set the continents adrift like gigantic 
ice floes also caused the land to 
crumple into mountain ranges. 

A glance at a map of the earth 
will show why this bold theory 
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seemed reasonable to some geolo- 
gists. The Atlantic shores of Europe, 
Africa, and the Americas appear, 
roughly, to fit into each other like 
the pieces of a jigsaw puzzle. 

Neither Wegener nor his follow- 
ers, however, have been able to ac- 
count for the fantastic force which 
fractured Gondwanaland. Further- 
more, for the theory to hold up, op- 
ponents note, it is necessary that the 
ocean floor be completely flat and 
smooth, so that the continents could 
slide across. 

Also, in compiling data on the age 
of mountain ranges, scientists have 
found that mountains are widely dis- 
tributed over the last three billion 
years of accountable geologic time. 

The theory also leaves unex- 
plained the origin of the great un- 
derwater mountain chains—for ex- 
ample, the Mid-Atlantic Ridge. This 
is one of the world’s longest and 
highest mountain systems, complete- 
ly submerged beneath the Atlantic 
Ocean. It snakes its way from Ant- 
arctica to Greenland, covering 10,- 
000 miles and reaching up to 9,000 























Science World graphic 
Process of mountain folding is illustrated 
by the diagrams above. These wave- 
shaped folds may measure only few 
inches—or many miles across. The over- 
fold at “C” shows how rocks laid down 
at same time may lie above each other. 
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feet above the ocean floor. Of all 
earth’s mountains, we know least 
about these recently discovered un- 
derwater chains. 

The Hawaiian Islands began as a 
vast fissure in the floor of the Pacific. 
Tons of molten rock poured through 
this fissure in ocean bottom volcanic 
eruptions. The eruptions gradually 
built mountains in the sea. These 
eventually rose above sea level to 
form islands. 


Convection Currents 

Convection is one way by which 
heat is transmitted by the circula- 
tion of currents of heated air or 
fluid. If, for example, you heat a 
pan of water, the water at the bot- 
tom becomes warmer more rapidly 
than the water above it. As the 
water warms, it becomes less dense 
and rises. It is replaced by the 
heavier cooler water above it. As 
this cooler water is heated, it be- 
comes warmer than the water which 
has moved to the top and has lost 
heat by radiation to the air and the 
container. The process then repeats 
itself until convection currents flow 
continuously. Frequently, these cur- 
rents will flow in adjoining pairs. 
One flows in a clockwise direction, 
the other in a _ counterclockwise 
direction. 

Similarly, within the earth’s in- 
terior, the convectionists suggest, 
huge tides of plastic material moved 
in great elliptical convection paths, 
flowing out sideways and subsiding 
again, each cycle taking 100,000,000 
years or more. Thus soft material 
rose from the hot center of the earth, 
spread out, cooled, then sank again. 
In the region of sinking, however, 
lighter material remained on top as 
a sort of scum. This became a land 
mass. 

When the core formed in the cen- 
ter of the earth, the circulation cur- 
rents multiplied. Where the single 
land mass rested over a rising flow, 
it was torn apart, forming several 
continents. At the same time, where 
two adjoining convection currents 
touched, the overlying crust was 
dragged downward. The initial geo- 
synclinal “dent” was formed in this 
manner. The squeezing force was 
produced by the top portions of the 
convection currents, which dragged 
the crust horizontally. 

Since the convection theory also 
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seems reasonable, many scientists 
regard it hopefully. But there are 
objections to this theory. The chief 
one is that it accounts for continents 
better than it does for mountains. To 
explain smaller structures by convec- 
tion currents makes the theory un- 
duly complicated. Furthermore, op- 
ponents point out, seismographic 
evidence of density differences in 
the crust makes it difficult to account 
for the circulation of convection cur- 
rents. 

Data accumulated since the orbit- 
ing of Vanguard I in 1957, casts 
additional doubt on the convection 
theory. 

There are no convection currents 
slowly churning through large masses 
of rock, in the opinion of Dr. John 
O'Keefe of the National Aeronautics 
and Space Administration. He made 
this observation after studying the 
orbit of the Vanguard satellite. 

The observed orbit of the satellite, 
he stated, could be produced only if 
the earth had a pear-like shape. 

Dr. O'Keefe explained that the 
earth's mantle is probably solid 
down to the core’s outer boundary, 
some 1,800 miles below the surface. 
It must be as strong as brick, if it is 
to support this pear-like contour. 

The convection theory, moreover, 
assumes that the mantle (the region 
below the earth’s crust) is a plastic 
material which permits tides of rock 
to flow. This could not be the case, 
Dr. O’Keefe pointed out. 


Shifting Crust 

Recently, Professor Charles Hap- 
good, anthropologist and _ historian 
of Keene College, and James Camp- 
bell, the mathematician and engi- 
neer who built the first Sperry gyro- 
scope compass, teamed up to re-ex- 
amine an idea first proposed in the 
early nineteenth century. At that 
time, some scientists theorized that 
the earth’s crust might be subject to 
shifts. But they were unable to ex- 
plain the force behind this shifting. 
Many scientists therefore  disre- 
garded the theory. Professor Hap- 
good and mathematician Campbell 
set out to re-examine the theory. 

Let us suppose, they reasoned, 
that the force to explain the shifting 
crust does not come from the earth’s 
interior, but rather resides on the 
earth’s surface. What force, they 
asked, has such enormous power? 









One possibility: The Antarctic ice- 
cap at the South Pole. 

They calculated that the icecap 
covers about 6,000,000 square miles 
and averages a mile in thickness. 
They estimated that the ice mass 
weighs about 25 quadrillion (25,000,- 
(000,000,000,000—2.5  10'*) tons. 

They also observed that the polar 
cap is not centered over the earth's 
axis of rotation, but lies about 300 
miles from the geographic pole. This 
lopsidedness, they concluded, pro- 
duces a centrifugal force which ex- 
erts tremendous pressure on the 
earth’s crust. Eventually the crust 
gives away. 


No Icecaps on Mars 

Mr. Campbell made a theoretical 
study of the mountain ranges which 
might be produced by such _ pre- 
historic crustal shifts. He compared 
them to existing mountain ranges. 
There seems to be an extremely close 
match, he announced. 

Some evidence in favor of this 
theory comes from another source— 
Mars. Hapgood and Campbell theo- 
rize that the rock composition of 
Mars closely resembles that of our 
planet. Yet Mars has no mountain 
ranges on its surface. They also note 
that Mars has no icecaps, except for 
thin layers of hoarfrost which form 
around Mars’ poles during the win- 
ter. Is it possible that Mars has no 
mountains for this reason? No great 
icecaps, no crust displacement. No 
crust displacement, no folded moun- 
tains. 

Other scientists point to many 
weaknesses in this theory. For ex- 
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Science World graphic 


In convection theory, single continent formed over downward-flowing currents of 
soft material (left). When core was formed, number of convection currents multi- 
plied. Single continent was torn apart. Mid-ocean ridges lie over rising currents. 


ample, it assumes that the forces 
producing mountain ranges should 
have been greatest when the con- 
tinents were covered with great ice 
sheets. Thus the periods of mountain 
building should coincide with the 
ice ages. However, radioisotope dat- 
ing of prominent mountain ranges 
around the world shows that many 
ranges cannot be tied in with glacia- 
tion periods. 

The mystery has not yet been 
solved. Last month, scientists from 
Europe and the United States gath- 
ered at Columbia University to pre- 
sent various theories explaining the 
ridges that run down the center of 
the Atlantic and Pacific ocean basins. 
The occasion was the awarding of 
the Vetlesen Prize in geophysics to 
Dr. Maurice Ewing, head of the 
Lamont Geological Observatory. The 
International Geophysical Year had 
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Science World graphic 
Data from Vanguard satellite suggests that earth is pear-shaped, not round. Scien- 
tists noted that when perigee was in north (center), it was closer to earth than 
when in south. From this effect of gravitation, scientists were able to estimate that 
earth was not round but pear-shaped, as in the exaggerated diagram at left. 





brought the problem into sharp 
focus. Geologists and geophysicists 
from many countries are still at work 
on the problem. 

Plans also are being made to drill 
beneath the earth’s crust into the 
area which separates the crust from 
the mantle. Drilling will take place 
under the sea, where the crust is 
thinnest. Geologists believe that the 
data obtained may help to substan- 
tiate one of the theories—or provide 
a new one. 

In this article you have read about 
the theories scientists have proposed 
to explain how the forces within the 
earth and on its surface may act to 
sculpture the face of our planet. 
Theories are adventures of the mind, 
just as looking up at the grandeur of 
mountains or scaling their peaks are 
now, and always will be, adventures 
of the spirit. 





Mount Palomar photo 
One theory: mountains are caused by 
off-center polar icecaps. Mars has only 
thin layers of polar frost. Some scientists 
believe this is why Mars lacks mountains. 
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By WILLIAM MONK 


The composite rhythm of all 
living things—a basic rule 
of life—are responses to the 


moon and the sun, their 


tides and their turnings, and 


even to the subtle tides 
in the ocean of air that 


surrounds us. 
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UPPOSE you were confined in a 
room for many days without a 
clock—how would you tell the time? 
Common sense says you couldn't. 
But your life would go on, respond- 
ing to the rhythms of hunger and 
fatigue. Our lives are not dependent 
on clocks, but they are involved with 
biological rhythms. 

There is a fundamental time re- 
sponse. All living things seem to car- 
ry out some of their activities at pre- 
cise intervals. The regularity of these 
rhythms suggests that they are timed 
by a “biological clock.” 

The grunion (see Science World, 
March 16 issue) has its breeding cycle 
precisely attuned to the spring tides 
that occur when the pull of the moon 
on the water of the sea is in line with 
the pull of the sun. The eggs of the 
grunion are laid and fertilized almost 
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in the interval between two sueces- 
sive waves when the tide reaches its 
highest point. The adult fish flor 
back into the sea, and the newly 
fertilized eggs will not be disturbed 
until the next spring tide—about a 
month hence. 

In Bermuda, on nights when the 
moon is at a certain phase, thousands 
of luminescent marine worms come 
to the surface to breed. In two hours 
they disappear—all but a few odd 
specimens. The coordinated — or as 
biologists say, synchronous (at the 
same time) — breeding cycle of a 
single species insures a high percent- 
age of egg fertilization. 

Land animals, too, show evidence 
of “biological clocks.” On March 19, 
St. Joseph’s Day, the famous swallows 
of Capistrano return to the old Cali- 
fornia mission that has been their 






nesting place since long before Cali- 
fornia became a state. Year in and 
year out this regular occurrence has 
attracted the interest of biologists as 
well as song writers and tourists. 

The evidence for some kind of bio- 
logical clock is strong. The questions 
asked by biologists studying these 
rhythmical phenomena are these: Is 
there indeed a biological clock? If so, 
where is it, and how is it controlled? 
Dr. Frank A. Brown, Jr., of North- 
western University, has spent six 
years of research on these questions. 
He says, “It seems to be everywhere, 
and yet nowhere, when we try to 
localize it.” 

But what do biologists mean when 
they speak of time and clocks? When 
biologists speak of biological clocks 
they are not talking of a mechanism 
or even—it seems—of a single organ 
or organ system. A clock, any clock, 
is simply a device that measures the 
time interval between two successive 
events. Since the interval between 
biological events — change of color, 
breeding periods, or migrations — can 
be measured in terms of the rhyth- 
mical responses of organisms, it is 
called a “clock.” Biological clock is 
simply a name—useful and descrip- 
tive—for a complex biological phe- 
nomenon. 

What has research shown about 
biological clocks? 

Dr. Earl Segal of Kansas State 


Teachers College has found an ex- 
tremely accurate annual “clock” in a 
large species of garden slug. Wild 
slugs lay eggs about the first of Au- 
gust. Dr. Segal captured wild slugs 





and raised a second generation in the 
laboratory. He kept his slugs in ar- 
tificial light for eleven hours a day, 
under carefully controlled tempera- 
ture and humidity. Thus they were 
cut off from all external signals— 
temperature, length of day, etc.—that 
might serve as cues in nature. Yet—in 
the first week of August—the labora- 
tory slugs produced eggs right on 
schedule. 

To study the rhythmical activities 
of animal organisms, Dr. Frank A. 
Brown of Northwestern University 
started an exhaustive project about 
six years ago. The organisms studied 
ranged from algae to flowering plants 
and from invertebrates to vertebrates. 


Rhythm in Crabs 

In one series of experiments he in- 
vestigated the rhythmical color shifts 
of the fiddler crab. The fiddler crab 
becomes darker every morning, and 
when the sun begins to wane in the 
evening its color lightens. Within 
this daylight cycle, the fiddler crab 
also responds to the tides—the degree 
of pigmentation increases also as the 
tide ebbs. Always darkly pigmented 
during the day, it is even more so 
when noon and low tide coincide. 

Observing the fiddler crab under 
controlled laboratory conditions, Dr. 
Brown and his students found that 
whether the temperature was 26 de- 
grees C., 16 degrees C., or 6 degrees 
C., the crab faithfully followed the 
day and night cycle. 

Why experiment with temperature, 
when the color shift of the fiddler 
seems to be tuned to the rhythm of 











light and dark in the solar day? But 
other experiments have shown that 
even if the crabs are kept in a photo- 
graphic dark room for weeks and 
months, the color shift from light 
pigmentation to dark and back again 
to light continues. The intermediate 
pigmentation shift, corresponding 
with the tides, also continues to shift 
even when these animals are removed 
from such signals. Apparently all of 
the crab’s rhythms continue even 
when signals are absent. 

This poses a difficult question to 
scientists. Two hypotheses are pos- 
sible. One is that organisms have an 
internal “clock” that measures time 
independently of the environment. 
The other is that the body chemistry 
and energy exchange processes (me- 
tabolism) characteristic of all living 
things respond to signals other than 
those used in the experiments. Of the 
two hypotheses, the first may be 
more glamorous—the second is more 
satisfying from the scientist's point 
of view. 

Why is the second hypothesis more 
satisfying? It fits in with scientific 
knowledge already well established. 
Acceptance of the first would make 
it necessary to overhaul a great deal 
of theory that is well supported by 
other evidence. For example, most 
of our experience with body chem- 
istry suggests that it is indeed in- 
fluenced by the environment. In fact, 
research does suggest that if the rate 
of metabolism is altered, the “clocks” 
respond. 

By reducing the temperature to 
nearly 0° degrees C., the fiddler 
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crab’s color clock changed. Dr. Brown 
found that six hours in 3 degree C. 
water would set the clock back a 
quarter of a cycle. 

Professor Hans Kalmus of the Uni- 
versity of London trained a colony of 
bees to feed at the same dish every 
day between the hours of nine and 
noon. The colony then was divided 
into four groups: three experimental 
groups and one control group. 

The three experimental groups 
were subjected to different conditions 
designed to slow down their body 
chemistry—carbon dioxide, ether, and 
cold near the freezing point. When 
records of the feeding-time response 
were analyzed, it was found that the 
bees exposed to carbon dioxide and 
low temperature were late by several 
hours. The ether group was not af- 
fected. Professor Kalmus theorized 
that the clock is an internal response 
controlled by the rate of body chem- 
istry. Carbon dioxide and cold are 
known to retard the rate of metab- 
olism. 


Built-in Bird Clocks 


The experiments of Dr. Brown 
and Professor Kalmus suggest that 
changes in the environment at critical 
periods tend to “reset” the clocks. 
However, once set again, biological 
clocks seem to function at a charac- 
teristic rate. 

Scientists are in general agreement 
that the migrating behavior of birds 
is timed by an internal rhythm. Thus 
many species of birds migrate at the 
same time each year and fly the same 
distance at each stage, to arrive at 
the same place at the same time an- 
nually. 

How do migrating birds find their 
way? Scientists suggest that bird 
navigation is accomplished by orien- 
tation to sun, or stars, and the earth’s 
magnetic field. This they call the 
“light-compass reaction.” However, 
since the earth rotates, guiding by 
sun alone would not get the birds to 
their destination. It is necessary to 
make adjustments that account for 
the rotation of earth and apparent 
movement of the sun. 

A German scientist, Gustav Kra- 
mer, studied starlings in an attempt 
to clarify the light-compass reaction. 
In his experiments starlings ready to 
migrate eastward were kept in an 
illuminated enclosure, with an arti- 
ficial sun always in the same place. 
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“Navigational clock’’ of hom- 
ing pigeons was reset in exper- 
iments. Under artificial light- 
ing groups of pigeons were 
adjusted to days when sun rose 
six hours earlier, six hours 
later, and complete day-night 
reversal. Right figure shows 
left shift for first group. Figure 
below shows right shift for 
second group. Lower right 
figure shows reversal. Black 
arrows show homing of con- 
trol group. Red arrows show 
shifts made by experimentals. 
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Hour after hour, as the day went on, 
the birds kept shifting position in the 
enclosure, just as if they were flying 
and the sun were passing overhead. 
These rhythmical shifts were the 
same as those they would make in 
correcting for the earth’s rotation. 

Suppose the “navigational clock” 
of a bird were reset? What would 
happen to the light-compass reaction? 
Dr. Klaus Schmidt-Koenig, another 
German scientist, performed a series 
of experiments in which he “reset” 
the clocks of homing pigeons. 

He kept the pigeons in light-proof 
enclosures. Using artificial illumina- 
tion, he was able to simulate days in 
which the sun rose six hours earlier 
than usual, six hours later, and days 
with the periods of light and dark 
completely reversed — a twelve-hour 
shift. 

For a shift of six hours, the birds 
were confined for four full days. For 
a 12-hour shift, the birds were con- 
fined for seven days. The control 
group, confined in similar enclosures, 
had an artificial light-dark schedule 
following the rhythm of a normal 
day. 


The experimental groups were 


flown and their departure directions 
compared with those of the con- 
trol groups. Generally those pigeons 
whose clock had been reset to a day 
starting six hours earlier homed 70 


degrees to the left of the control 
group. Those trained to a day start- 
ing six hours later took off in a di- 
rection 93 degrees to the right of the 
controls. The departure direction for 
the reversed group was 168 degrees 
to the right of the control group— 
12 degrees less than total reversal. 

Reporting this research last month, 
Dr. Schmidt-Koenig said, “Clearly, 
the light-compass is one basic mech- 
anism in pigeon orientation.” 


The Potato Clock 


Do plants, too, have biological 
clocks? Potatoes do. In conducting his 
research on the metabolic rhythms, 
Dr. Brown chose the potato because 
as a tuber it has a supply of stored 
food and thus presents no feeding 
problem when sealed in containers. 

Just as the gravitational pull of the 
moon and sun cause tides in the sea, 
they cause tides in the atmosphere. 
And the metabolism of the potato 
has a twenty-hour cycle that cor- 
responds closely with that of the 
atmospheric tides and barometric 
pressure. The experiments of Dr. 
Brown show that the clock-like 
rhythms of body chemistry in rela- 
tion to air pressure also are found 
in other plants. 

These responses occur even when 
the potatoes are hermetically sealed 
under conditions of constant pres- 
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sure. The potato and the fiddler crab 
also show body chemistry responses 
to cosmic radiation and background 
radiation by resetting their me- 
tabolic clocks. 

The effect of radiant energy on 
biological clocks is being studied 
also by scientists of the Argonne 
National Laboratory near Chicago. 
There, Dr. Charles F. Ehret last 
month found that he can reset the 
clock of the paramecium—a one-celled 
animal. By exposing paramecia to 
various wave lengths of light, Dr. 
Ehret has altered the rhythm of 
breeding and body chemistry in these 
organisms. 

The evidence of the early experi- 
ments with crabs, slugs, bees, and 
potatoes seems at first to indicate 
that the responses of plants and ani- 
mals are controlled by clocks operat- 
ing independently of environment. 

But are scientists really excluding 
all signals when they control an ex- 
periment? The work of Dr. Brown 
and others, indicating that the 
rhythms are sensitive even to radia- 
tion, suggests that whatever controls 
are imposed, the plants and animals 
are still receiving information. Dr. 
Brown thinks this explanation is far 
more reasonable than the hypothesis 
that living things are equipped with 
“uncannily accurate clocks” operat- 
ing independently of external stimuli. 
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Light from projector (left) is trapped and twisted by bundle of glass fibers held by 


OT long ago viewers of NBC’s 

Today television show were 
treated to a demonstration of an 
amazing tube which actually “pipes” 
light and images around curves and 
corners. One end of the three-foot- 
long flexible tube was attached to 
the lens of a television camera, 
while Dave Garroway pointed the 
other end at whatever he wanted the 
TV camera to pick up. He even 
made a complete loop with the tube, 
so that the image had to loop-the- 
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BY SIMON DRESNER 


Bending light around corners is 


but one use of a new device 


made of fine’glass threads that 


can also magnify and 


demagnify 


loop before reaching the camera 
lens. 

To anyone watching this perfor- 
mance it seemed that the flexible 
tube, called a fiberscope, was con- 
tradicting one of the basic laws of 
optics—the fact that light travels in 
straight Jines. 

But the fiberscope violates no laws 
of nature, it merely fulfills an old 
dream of optical scientists for a de- 
vice which would actually pipe 
light and images—in the same way 


Armour Research Foundation 
Dr. N. Kapany, pioneer in fiber optics. 


that a metal pipe carries water. 
The heart of the fiberscope is a 
bundle of superfine glass threads, 
called optical fibers, stretched along 
the length of the tube. Each glass 
thread carries a “dot” of light from 
one end of the fiberscope to the 
other. The threads are so fine that a 
quarter of a million will fit inside a 
tube less than 1% inches in diameter. 
The fiberscope used on TV was 
packed with 32,000 glass fibers, each 
two thousandths of an inch thick. 
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Each glass fiber does not really 
bend a light ray. The fiber reflects 
the ray hundreds or thousands of 
times until it bounces out the other 
end. For example, if light shines 
upon the end of a glass rod, much of 
the light that enters the glass will be 
trapped inside, unable to escape be- 
cause it is continually reflected from 
the walls of the rod. The difference 
in the index of refraction between air 
and glass causes the surface of the 
glass to act as a mirror, bending the 
ray so much that it is directed back 
inside the rod. Thus, once a light ray 
is inside the glass rod, the ray can- 
not pass out through its surface. 

This phenomenon is called total 
internal reflection, and is well 


known to underwater swimmers. If 
a submerged skin diver looks at an 
angle toward the surface of the 
water, the surface will seem like a 
mirror. The skin diver will see only 
reflections of other underwater ob- 
jects. Light coming from underwater 





Outline of letter ‘“‘K’ transmitted through bundle of fused 
in diameter, are magnified. 
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objects is reflected from the air- 
water surface instead of passing 
through, because there is a differ- 
ence in the index of refraction be- 
tween water and air. 

Similarly, the surface of a glass 
rod surrounded by air can act as a 
mirror. Once a ray of light enters a 
glass rod, it is trapped by total in- 
ternal reflection. The ray will be re- 
flected a numbér of times from the 
walls, traveling down the rod until 
it escapes out the far end. 


Thousands of Dots 


The same phenomenon occurs 
when the diameter of the rod is 
made very small. A glass fiber 50 
microns (.002 in.) in diameter be- 
haves just like a glass rod. Light is 
trapped in the fiber by total internal 
reflection and carried out the far 
end. A ray of light in a 50 micron 
fiber may be reflected 3,000 or 
4,000 times per foot. 

If the wall of the fiber is not per- 


American Optical Co. 


American 


re 


fectly smooth, a little light is scat- 
tered and lost at every point of re- 
flection. After 4,000 reflections in a 
less-than-perfect glass fiber, most of 
the light may be lost, making it use- 
less for light transmission. 

What happens when thousands of 
glass fibers are packed together into 
a bundle, so that all fibers are par- 
allel? Since each fiber will carry a 
dot of light, thousands will carry 
thousands of dots of light. This 
means that if an image is focused on 
one end of a bundle of fibers, it will 
be reproduced at the other end. The 
fibers break up the image into tiny 
dots of light, transmitted down the 
length of the fiber bundle. When the 
dots appear at the other end, they 
make up the picture, just as tiny 
dots of ink make up the engravings 
on this page. 

To transmit a clear picture, the 
fibers must be arranged in exactly 
the same way at both ends of the 
bundle. If the fibers are not. ar- 
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Tapered bundle of glass fibers can magnify or reduce an 
image. A slight twist in the bundle also rotates the image. 





Flexible bundle of glass fibers with end attached to camera 
lens allows photographer to photograph girl behind his back. 


Hartford Times photo 


Photo of snapshot taken through the glass bundle, called a 
fiberscope. Curve of bundle caused a slight twist in photo. 


Hartford Times phe 





SCIENCE WORLD 





— 


CC 











= fe colUC rr lUCUr COU 


Al 


t of 


1Se- 


s of 
into 
Dar- 
ya 
AITY 
[his 
lon 
will 
The 
tiny 
the 
the 
they 
tiny 


ings 


the 
ictly 
the 


ar- 





ry 


yan 
nge. 


ida 
oto. 


nhe 


ORLD 




















Science World graphic 
Light ray entering glass fiber at left is reflected from surface of glass until it 
escapes from other end of fiber. Fiber is clad with jacket of transparent material. 


Armour Research Foundation 


A bundle of glass fibers 30 inches long is looped around itself on a laboratory 
optical bench, showing flexibility of fibers. Each fiber is .001 in. in diameter. 


ranged in the same position at both 
the exit and entrance ends, the pic- 
ture will be distorted or completely 
scrambled.. A bundle of scrambled 
fibers will transmit light, but not a 
recognizable image. 

To position tens of thousands of 
glass fibers precisely is a diffi- 
cult and delicate manufacturing 
problem. In addition, when glass 
fibers are gathered into a_ tight 
bundle another problem appears: 
Light will leak from one fiber to the 
next, if they are extremely close to 
each other. This leakage can be- 
come a problem. To overcome this, 
each fiber is clad with a jacket of 
transparent material whose index. of 
refraction is lower than that of the 
fiber. This eliminates leakage, even 
when the fibers are packed closely 
together. The thin jacket also pro- 
tects the walls of the fibers, keeping 
them clean and smooth, thus avoid- 
ing scattering. 

Although the principles of fiber 
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optics were known as long ago as 
1927, the basic research and develop- 
ment was not done until 1951. In that 
year Dr. Narinder S. Kapany began 
his pioneering work in fiber optics at 
the Imperial College in London. 
Later he worked on glass fibers in 
the United States, first at Bausch and 
Lomb Optical Co., and then at the 
Armour Research Foundation. Other 
American companies presently de- 
veloping fiber optics are Chicago 
Aerial Industries and American Op- 
tical Co. 

There are many possible uses for 
bundles of glass fibers, called fiber 
optics. One of them is the flexible 
fiberscope just described, which 
makes it possible to see around 
corners, or into one’s own ear. In a 
flexible fiberscope the ends of the 
fiber bundle are clamped tightly to- 
gether, while the rest of the bundle 
is left loose to twist and turn. A lens 
focuses the images at one end, and 
an eyepiece at the other end is used 
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for viewing the transmitted image. 

A very narrow flexible fiberscope 
could be used to explore the internal 
organs of the human body. Such a 
medical device is called an endo- 
scope. Present endoscopes work 
with lenses and prisms, and are rel- 
atively bulky. An endoscope made 
of 15,000 fibers .002 in. in diameter 
would make a bundle only % inch in 
diameter. It could allow a physician 
to explore parts of the human body 
now invisible to conventional endo- 
scopes, and even take color photos if 
desired. Some of the fibers in the 
endoscope could be made to transmit 
light and illuminate the organ. Others 
would transmit the image. 

A fiberscope allows a dentist to 
project pictures from inside a pa- 
tient’s mouth on a TV screen for 
teaching students. 

A very thin fiber bundle inserted 
into the vein of a patient could help 
make continuous measurements of 
oxygen saturation in the blood, by 
showing the redness of the blood. 
Such a device would be of great 
value in diagnosing heart disease. 

Long thin bundles of fibers have 
also been used as fire detectors in 
jet airplanes. 

One end of the fiber bundle is in 
the engine compartment, ready to 
catch the light from any fire or 
flame. The other end faces a photo- 
electric cell which sets off an alarm 
in the pilot’s compartment. Such a 
system could also tell a jet pilot 
when “flame out” occurs in his en- 
gine. The photoelectric alarm simply 
would signal when the light from 
the fiber bundle vanishes. 


Coding and Decoding 


The fact that the fibers have to be 
arranged in the same position at 
both ends of a bundle in order to 
transmit an image should make them 
useful as a coding and decoding de- 
vice. If a letter were photographed 
through a bundle of scrambled fib- 
ers, the photo would show no clear 
image—only thousands of dots of 
light without order or meaning. 
However, if this photo were then 
viewed through the same _ fiber 
bundle, with the viewer's eye taking 
the place of the camera’s lens, all 
the dots of light would appear ar- 
ranged in their original pattern, re- 
producing the letter. 

The fibers for such a coding de- 
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Armour Research Foundation 
Square covering the human eye is '4- 
inch-thick cross section of bundle of glass 
fibers. Photo shows fine image quality. 


vice could be scrambled at random, 
or they could be mixed in a prede- 
termined order. In either case, a pic- 
ture of a scrambled message could 
not be read without an identically 
scrambled fiber bundle for decod- 
ing. Since a typical fiberscope may 
have 16,000 glass fibers, there would 
be many thousands of ways of 
scrambling them, and the chance of 
breaking such a code would be 
negligible. Banks may eventually use 
such a code to scramble and un- 
scramble depositors’ signatures, mak- 
ing check forgery difficult. 

Fiber optics can also substitute 
for solid glass lenses, with many ad- 
vantages. If each fiber is tapered so 








Coding and Decoding 
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American Optical Co 


Lenses made of tapered glass fibers can magnify (right) and demagnify (left). Each 
lens is a cross section of large bundle of fused glass fibers. Fiber camera lenses 
have reached speeds of f. 0.35, can snap moonlight photos in fraction of a second. 


that it is larger at one end than at 
the other, the whole bundle will be 
tapered and act as a lens. Such a 
tapered bundle will magnify an 
image projected on its narrower end, 
and demagnify an image projected 
on its wide end. The tapered bundle 
can also be twisted to reverse as well 
as to magnify images. 

Such tapered bundles can make 
ultra-high speed lenses for cameras. 
As every amateur photographer 
knows, a lens with a rated speed of 
f. 1.5 is very fast. He may also know 
that the fastest conventional glass 
lens, developed in Japan, has a 
speed of about f. 0.8. But fiber optics 
lenses have been made with speeds 
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“Concepts of Classical Opties’’ (Freeman Co.) 


Possible applications of fiber optics include fiberscope (upper left) for viewing 
around corners, scrambled bundle (lower left) for coding and decoding images, and 
light funnel (right) to change telescope’s “star disc’ into slit for spectrograph. 


as fast as f. 0.58, fast enough to take 
a picture by moonlight at a fraction 
of a second on ordinary film. 

But the most important applica- 
tion of fiber optics may be in the 
field of astronomy. Astronomers are 
continually analyzing the radiant en- 
ergy from the stars by means of 
spectrographs. A> ‘spectrograph _re- 
quires that the light from the image 
be in a thin line. However, the light 
from a distant star appears as a 
round image at the focus of the tele- 
scope. Up to now, astronomers have 
been using thin slits between the 
star image and the entrance to the 
spectrograph to create a narrow line 
of starlight. However, the slits great- 
ly reduce the intensity of the star- 
light, which is very faint to begin 
with. A typical slit may pass only ten 
per cent of starlight falling on it. 


To Study Star Light 

This problem could be solved very 
simply by using a fiber bundle which 
is round at one end and flattened 
into a thin line at the other end. The 
round image of the star is focused on 
the round end of the bundle, and 
the image is transformed into a thin 
line of radiant energy at the other 
end, suitable for analysis by a spec- 
trograph. Such a “light funnel” could 
help analyze light from dim stars. 

In the future, hundreds of new 
uses will be found for these ingen- 
ious light fibers which can _ twist, 
turn, and reshape images. Although 
light fibers are a recent development, 
they are simply a modern applica- 
tion of geometrical optics, whose 
principles were discovered by Isaac 
Newton three centuries ago. 
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A REPORT ON 








EDUCATIONAL OPPORTUNITIES IN TODAY’S ARMY 


: A look into the new Graduate Specialist Program which 





| om United States Army runs the largest educa- 
tional institution in the world. From the Far East 
to Europe and back to the States, the sun never sets 
on learning in the Army. 

At the heart of the Army’s educational network are 
he Service schools, with their imposing curricula of 
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permits qualified high school seniors and graduates to 
choose courses in technical schools before they enlist 





technical courses. These are the schools run by the 
Army itself. Their mission is to turn out military spe- 
cialists in more than four hundred job classifications. 
In Army schools, learning is the full-time task of the 
soldier. He is paid to study. As we shall see. the edu- 
cation received is well worth his time and effort. 


THE U.S. ARMY, 





ARMY SCHOOLS OF HIGH CALIBRE 

\ Many Army school courses are of college calibre 
Long hours are invested in teaching a man to operate 
repair, and maintain today’s complex military equip 
ment. The cost of this training is high. For example, the 
current price tag on training a guided missiles operata 
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| of is over $7,000. 
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The men who teach these courses are themselves the 
product of intensive schooling. Training received in a 
Army school is equal to that offered in the best civilig 





i * ‘ 
| schools or industry. Laboratory and _ technical equip. 
H , ment is the latest in design. Courses of study are planne 
} — to produce a maximum of learning in a minimum of 
j > 9qem coated ' time. All the skills taught dovetail tightly into th 
i - : : > . . . . » . 
Students in the Army's 33-week Radar Repair Course Army’s intricate organization. Many of the skills a 
get practical experience in adjusting radar antenna. essentially the same as those needed in civilian jobs. 


Army Service schools have a proud tradition in edy 
cation. The Engineer School at Fort Belvoir, Virgini, 


traces its history back to 1778 and the days of Valle ton 

Forge. It is the oldest Service school still in operatio, wan 

Youngest is the U. S. Army Ordnance Guided Missilf . 

School at Redstone Arsenal near Huntsville, Alabama vo. 

which accepted its first class in 1952. i 

high 

ADDITIONAL EDUCATIONAL OPPORTUNITIES — 

: ss : p amon 
Education in the Army doesn't shuffle to a halt wit 

a : 2 a a of th 

the Service school. Many posts have “education cep i 

e 


ters” which offer the men opportunities to study i Thi 
é : ’ a s 
their spare time. Some colleges offer regular off-dut 





classes for near-by Army personnel. The subje — 
studied? Everything from Accounting to Zoology. Th 
student receives college credit which he may appl A SO 
toward a college degree. And the Army pays up t® The 
three-fourths of the tuition. tary ¢ 
In addition, more than 150 correspondence and self years 
/ Enlisted men at electronics school practice alignments study courses, from high school through college leve§ -or y 


i i te TV pi a : . : : 
of microwave vecsiver weed Yor remote ahape are available from the United States Armed Forces Ii techni 
stitute, known to its thousands of students as USAR colleg 
(pronounced Yoo-SAH-fee). Cost: a one-time fi The b 


dollar fee for all the courses a student can grind if cialist 





way through. anteec 

In today’s Army, the boom of the sunset gun at ti quotas 
Retreat ceremony on a military post means more tha no ch 
the end of the day’s work. For thousands of educatio# Hig 
minded service men and women, it has become the ci Army | 
to learning in the classroom, the study hall, or a quif may a 
corner of the day room. 60 day 

The Army’s stake in this back-to-school moveme down 
isn’t pure learning for its own sake. Officers and enlist§ most 
men and women alike are encouraged to crack t# the sey 
books because their job as soldiers demands it. At will be 
time when international crises pile up on each oth place | 
when the wild inventions of yesterday’s science-fict 
are today’s standard equipment, it is in the best inl geyeny 
ests of the soldier himself to seek the finest possi) 





“i 7  =6TI 
; A ' education and training. Brainpower and youth are s ta 
| Off-duty soldiers swap uniforms for gym outfits while te aie aia ; seniors 
| taking part in sports activities available to all men. Americas most valuable resources. they ar 
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Newest—and for the high school senior perhaps the 
most interesting and beneficial—of the educational op- 
portunities offered by the Army is the Graduate Spe- 
cialist Program. 

The Graduate Specialist Program is open only to 
high school seniors and graduates. Such young men and 
women who can qualify are given their choice from 
among 107 Army technical courses. The unique feature 
of the program is this: Now the enlistee is guaranteed 
the course of his choice before he enters the Service. 
This guarantee is given in writing, and takes into ac- 
count available quotas in the various courses offered. 


A SOUND INVESTMENT 


The Graduate Specialist Program is pegged on volun- 
tary enlistment for three years. Used wisely, these three 
years can become a sound investment for a young man’s 
—or woman’s—entire future. He can crowd advanced 
technical schooling into the additional year, or begin 
college-level courses in off-duty educational programs. 
The big advantage offered by this new Graduate Spe- 
cialist Program is that a young man or woman is guar- 
anteed the technical schooling of choice from available 
quotas. The draftee, on the other hand, has practically 
no choice of schooling or training. 

High school seniors are offered a special privilege the 
Army calls “Early Choice.” Under this option, the senior 
may apply for Graduate Specialist training during the 
60 days before he graduates. The advantage? He nails 
down the course of his choice before quotas for the 
most interesting and beneficial courses are filled. If 
the senior qualifies, a place in the course he has chosen 
will be held for him until he graduates. All this takes 
place before enlistment. 


SEVEN STEPS 

The Army outlines seven steps to be followed by 
seniors in applying for the Early Choice option. Here 
they are: 





















THE ARMY GRADUATE SPECIALIST PROGRAM 


1. During the 60 days before his graduation, the 
senior must get a letter signed by his principal or 
guidance counselor, stating that he is likely to graduate. 

2. The senior then takes this letter to the local Army 
recruiting station. There the Army recruiter gives him 
a screening test. This test, like those used in schools or 
industry, measures such things as his ability to use 
words and his mechanical aptitude. 

3. After passing the test, the senior is interviewed 
by the recruiter. The candidate tells the recruiter about 
his scholastic background and interests. He also dis- 
cusses favorite school subjects, hobbies, and any special 
skills he may have. 

4. Using this information, the recruiter helps the 
candidate select a first-choice Graduate Specialist course 
and two alternate choices. If the quota for his first 
choice is filled, the candidate may still become a Grad- 
uate Specialist in one of his other choices. 

5. The recruiter forwards the candidate’s application 
to the Graduate Specialist Central Admissions Office in 
St. Louis. The application usually is processed within 
fifteen days through special handling. 

6. If the candidate is accepted, he receives a writ- 
ten “guarantee.” Actually, this is a formal letter noti- 
fying him that a place in the course of his choice is 
being held for him. He does not actually enlist until 
after he graduates from high school, shortly before his 
Army course begins. 

7. After graduation, as his final step before enlist- 
ment in the Graduate Specialist Program, the candidate 
takes two more tests. These tests help to show whether 
he can successfully complete the course the Army is 
holding for him. After he has passed these tests, he may 
enlist as an Army Graduate Specialist, with the guar- 
antee that he will begin his chosen course after com- 
pleting basic training. 

To participate in the Graduate Specialist Program, a 
candidate must enlist before he receives his draft no- 
tice. Once he has received this notice, he is no longer 
eligible for this special program. 














A Partial Listing of Courses Available Under... 


A total of 107 educational courses are available under the Graduate Specialist 
program. Thirty-two of these courses, with a brief description of what each covers, 
are listed on these two pages. Some of the major occupational fields in the Army today 
are: electronics, medicine, financial operations, personnel management, machine ac- 
counting, automatic data processing, engineering, aviation, ordnance, communications, 
entertainment. Thus the courses range from clerical and administrative skills to the 
operation of complex guided missile equipment. 


ARTILLERY BALLISTICS METEOROLOGY: 
This 1l-week course teaches operation 
and maintenance of radio direction finder 
and radiosonde meteorology equipment. 





MEDICAL EQUIPMENT MAINTENANCE (Basic): This 18-week 
course teaches you to inspect, maintain, repair, disassemble, 
and package medical equipment utilized in medical units in 
support of field armies. 


ELECTRONIC DEVICES REPAIR: The scope 
of this 18-week course covers the princi- 
ples of electricity; tuned circuits; electron 
tubes; oscillators and transmitters; elec- 
tronic test equipment; radiac devices; 
public address systems and _ facsimile 
equipment for rapid communication. 





ATOMIC WEAPONS ELECTRONIC (Entry): This 8-week course 
provides the schooling you need to assist in the repair of 
atomic weapons systems and equipment. 


FIELD ARTILLERY RADAR OPERATION: You 
receive instruction in plotting, map-read- 
ing, mathematics and radar fundamentals. 
During this 8-week course you learn how 
to operate and tactically employ counter- 
mortar and counterbattery radar. 





CORPORAL ELECTRONIC MATERIEL MAINTENANCE: You learn 
to assemble, install, calibrate, adjust, and maintain on-mis- 
sile electronic guidance control components and systems for 
the Corporal II Missile. This is a 29-week course. 


REDSTONE ELECTRONIC MATERIEL MAIN- 
TENANCE: During this 22-week course 
you are taught the fundamentals of radar 
and radio electronics. Through practical 
work, you develop proficiency in mainte- 
nance of Redstone guidance, contro] and 
warhead of missile. 





NIKE-AJAX MISSILE ELECTRONIC MATERIEL MAINTENANCE: 
This 22-week course trains you for operation and mainte- 
nance of the Nike-Ajax missile. You learn the capabilities 
and limitations of the Nike-Ajax missile including instruction 
concerning launching and check-out equipment, communi- 
cations circuitry and troubleshooting. 


Adv. 


NIKE MECHANICAL SYSTEMS REPAIR (AJAX/ 
HERCULES) A 10-week course on how to 
inspect, test and perform field repair and 
maintenance on Nike-Ajax/Hercules mis- 
sile mechanical systems, airframes, and 
ground handling equipment. 





CORPORAL MECHANICAL MATERIEL MAINTENANCE: You re. 
ceive instructions regarding assembly, installation, maintef 
nance and adjustment of Corporal mechanical on-missikj 
guidance control systems. This is an 8-week course. : 


NIKE UNIVERSAL FIRE CONTROL SYSTEM 
MAINTENANCE: A 41-week course prepar- 
ing you to employ, operate, adjust and 
maintain the Nike-Hercules fire control 
system and associated IFF equipment. 





ORDNANCE ELECTRONICS (Entry): You are trained in ele 
tronics, vacuum tubes and the principles of electricity. Yo 
learn to assist in repair of integrated fire control and guide 
missile systems and equipment. This course lasts 11 week: 


CABLE SPLICING: A 15-week course on 
how to locate faults in telephone and 
telegraph cables and how to splice multi- 
pair aerial and underground cables. 





MICROWAVE RADIO EQUIPMENT REPAIR: For 30 weeks yu 
train in installation, operation, repair, and depot maint 
nance of microwave fixed-radio equipment. 





RADAR REPAIR: This course is for 33 
weeks. It trains you to inspect, test, and 
perform maintenance on radar equip-_ | = 
ment such as surveillance, countermortar "e 
and counterartillery, ground fire-control I 
and search radar, associated equipment. 

















ELECTRICAL INSTRUMENT REPAIR: Teaches at fel 
and-depot-maintenance levels the inspecting, testing, adju' 
ing, repairing, and calibrating of a variety of electrical # 
electronic devices to include radio and radar type measutl 
instruments, meteorological equipment and radiac devicé 
mine detectors, and public-address systems. This is a } 
week course. 
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the ARMY’S GRADUATE SPECIALIST PROGRAM 


FIRE CONTROL INSTRUMENT REPAIR (Basic): 





RECONNAISSANCE HELICOPTER REPAIR: 





An 8-week course which trains in inspect- The scope of this 17-week course covers = *e__ = 
ing, adjusting, and repairing nonelectrical the repair of rotary wing aircraft of the rag — . 
fire-control instruments such as binocu- reconnaissance type. You learn to inspect, is Ze 
lars, telescopes, pressure gauges, and adjust, remove and replace helicopter ae 
meteorological instruments. assemblies of latest design. ee 
—_—__, 


REFRIGERATION: Trains you to install and repair standard 
Army refrigeration units and refrigerated air-conditioning 
units. This is a 13-week course. 


CHEMICAL (Entry): Learn to assist in tech- 
nical and tactical operations of chemical- 
warfare units including chemical decon- 
tamination, smoke-generator, processing, 





AIRPLANE REPAIR: This 15-week course teaches you to re- 
pair Army fixed wing aircraft by removing and replacing 
airplane assemblies and subassemblies. You receive instruc- 
tion concerning engine components, structures and rigging, 
maintenance and troubleshooting. 


CRYPTOGRAPHY: You learn the use of sys- 
tems and cryptographic equipment to 
encipher and decipher or encrypt and 





You re’ depot, and laboratory units. This course decrypt classified messages. You are 
mainte} is 9 weeks in length. taught to use manual, mechanical, and 
n-missil electromechanical devices. This is a 9- 
se. week course. 





in ele metal castings for automotive, armament cultural, topographic, hydrographic, and 
city. Yog and other military equipment. other features on drawing or transparent 
d guide overlays for reproduction on maps. 

1 week: 





| trained to maintain construction equip- ihe . 
qui Learn the principles and techniques of 
ain ment and attachments. In 9 weeks you . “ a eine 
veeks yol 1 : : alia photographic processing, printing and 
. will learn how to operate cranes, tractors , “ 
t mainte I , reproduction. This is a 10-week course. 








METAL BODY REPAIR: This 10-week course trains you to 
repair, repaint and install metal body components, radiators, 
fuel tanks. The course includes instruction in the modifica- 
tion of related items. 


MACHINIST: The scope of this 15-week 
course includes fabrication of metal parts 
and modification of machine parts and 





DIESEL ENGINE REPAIR: A 9-week course on how to repair 
all types of diesel engines, fuel-injection systems, and aux- 
iliary starting motors used as power units on cranes, shovels, 
tractors, graders, and air compressors. 


ENGINEER EQUIPMENT MAINTENANCE: You 


become an engineer equipment mechanic 





and other heavy equipment. 


DIESEL ELECTRIC LOCOMOTIVE REPAIR: A 10-week course on 
overhauling, inspection, maintenance, and repair of diesel- 
electric locomotives and the use of shop machines, such as 
line-boring bar, valve-refacing, reseating, and grinding ma- 
chines, electric drills, piston grinders, and hydraulic jacks. 


STENOGRAPHY: In 16 weeks you develop skill in taking dic- 
tation in shorthand at a minimum speed of 90 words per 
minute, in transcribing notes using a standard typewriter, 
touch type at minimum speed of 45 words a minute. 


CARTOGRAPHIC DRAFTING: This is an 11- 


week course that teaches you to draw 





FINANCE PROCEDURES: This 8-week course trains you to pre- 
pare, compute, and process pay and allowance accounts for 
military personnel; vouchers; checks and bonds; and to assist 
in preparing and keeping current account records and sup- 
porting documents. 


PHOTOGRAPHIC LABORATORY OPERATION: 





CONSTRUCTION SURVEYING: This course teaches you to estab- 
lish relative position of points on the earth’s surface to pro- 
vide data for construction projects. You learn to operate 
surveying instruments and equipment such as alidade, plane- 
table, level, transit, and theodolite. This is an 11-week course. 


Last year more than 150,000 enlisted men and women were graduated from Army 


«2 schools. Each school offers dozens of different courses. The training covers just about 
ail a every major area in modern education. Some of the technical schooling open to young 
measuti men and women under the Graduate Specialist program is so advanced that it is not 
c device available elsewhere. High school seniors and graduates who can qualify are guaranteed 
sisal the course of their choice before enlistment. 


Adv. 




















A WRITTEN GUARANTEE BEFORE ENLISTMENT 


Meet Bob Smith. He has just received his written 
guarantee from the United States Army. This is a let- 
ter informing him that a place in the Army’s Graduate 
Specialist Program is being held for him. He is guar- 
anteed assignment to his chosen course—right after he 
has completed his basic training. 

At the Army Technical School where Bob takes his 
Graduate Specialist Training, he finds himself in con- 
genial company. His classmates are high school gradu- 
ates like himself. They all have one objective—to make 
the most of the educational opportunity for which they 
have qualified. 

Bob finds his new school unusual in some respects. 
For one thing, classes in a particular subject don’t run 
for an hour or two a day, spread over four or five days 
a week, as they did in high school. In each subject 


Let's trail Bob and Joe with the came 
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Bob and Joe enjoy their meals in a modern Army mess hall. 
They find the food appetizing and healthful. They can take 
all they want—but must eat all they take. Some mess halls 
have table service. On other posts, students help themselves. 
All posts have snack bars for an off-duty bite. 


ra 


Adv. 





there is a constant round of lecture—applying what 
he’s learned—examination—lecture—applying what he’s 
learned—examination—and so on. The pace isn’t leis- 
urely. Classes usually run from eight in the morning to 
five in the afternoon. 

Schooling in the Army isn’t a string of snap courses. 
And it isn’t for cream puffs. But then Bob isn’t a cream 
puff. He was in the upper quarter of his graduating 
class in high school, and won letters for football and 
other athletic activities. 

During his first day at Graduate Specialist School, 
Bob meets Joe Kowalski. Joe, who comes from a town 
near Bob’s, also played football. Back in their high 
school days, Bob and Joe were on rival teams. In the 
Army they find themselves on the same team. They be- 
come buddies. 


and see what Army schooling is like 





Instruction at an Army school is equal to that in an accredited 
civilian technical school. Bob and Joe find that the small 
classes permit the instructor to give them his personal atten- 
tion. Up-to-date textbooks and training films help Bob and 
Joe learn with a minimum of pain. 
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Learning by doing is an important part of Bob and Joe’s 
education. They work with the latest equipment. They find 
out how it operates, and learn how to take it apart and 
put it together again. They are also taught maintenance 
and repair of this valuable Army equipment. 


In their leisure time, Bob and Joe like to relax at the post 
bowling lanes. They also go in for basketball and handball 
at the gym. Some of their buddies like tennis and golf, 
also available. A year-round program of team sports is 
carried on at all Army posts. 


Weekly attendance at post chapel is an important part of 
their lives. Services are conducted by Protestant, Catholic, and 
Jewish chaplains. Bob and Joe know they can always take 
their personal problems to the chaplain of their own faith. 
Chapel is also a place for making solid friendships that 
can last for a lifetime. 


Adv. 


Bob and Joe find that “homework” is necessary to help 
them keep up with their intensive classroom work. A quiet 
study room is always available, well-stocked with latest 
reference texts. Entertaining books for leisure reading are 
also on the shelves. 


Dances are an important part of their social life on post. 
Bob and Joe take their dates to the regular Saturday night 
dance at the service club. Sunday night is ‘‘movie night” 
for them. Admission is twenty five cents at the post theatre 
where latest films are shown, often before they reach big cities. 
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Bob completes his training at the Graduate Specialist School 
and earns his diploma. Then comes assignment to an Army 
job in the specialty for which he was trained. There he has 
the chance to do the work he enjoys in the career he has 
chosen. At the same time, he has numerous opportunities 
for advancement if he can prove his worth. 





OTHER OPPORTUNITIES 


EAGER BEAVERS 

Technical schooling is only one phase of the Army; 
educational program. Eager beavers who want to pw. 
sue their studies at the Army’s expense will find sever 
avenues open to them. Under one program recently s¢ 
up, specially qualified and selected men are actual 
getting a college education in the sciences—with th 
tuition tab being picked up by the Army. 


l 
i 
DOLLARS-AND-CENTS VALUE 


One might ask, “What good is all this education | 
* the soldier?” 
There are two answers. If he stays in the Army, tl 





Sergeant shows off his new stripes to admiring buddy. 

More stripes mean more pay. Schooling aids promotion. enlisted man has acquired an education that has a do 
lars-and-cents value in promotions and increased pay- 
not to mention the privileges and prestige that com 
with higher grade. 

An Army education has a dollar-and-cents value i 
civilian life, too. Almost every Service job has its oppy 
site number in business and industry. Many a forme 
Army specialist has found that industry pays well fi 
the skills learned in Army schooling. 


TRAVEL AND EDUCATION 


Another kind of education—not of the classroos 





variety, perhaps, but equally valuable—is travel. Th 
Service man or woman meets people and sees plac 
that are out of reach of the average civilian—and 
quires a polish that comes only from the experience 


extensive travel. 
DEPENDS ON INDIVIDUAL 


€445, 
‘ 


, Is Army education a waste of time or a profitable i 
Opportunity to see story-book places close up inspires vestment of three years? As with all else in life, t 
many servicemen to capture their travels on film. answer depends on the individual. Obviously, the s 
dier will get out of his training no more than he pi 
into it. In today’s modern Army, with its emphasis 
education, the opportunity is there. It’s up to the ¢ 
listed man or woman to make the most of this opp 
tunity—and acquire a good education in the bargain 





SPEED PROCESSING 
FOR HIGH SCHOOL GRADUATES 


If an applicant has already graduated from high 
school, Army recruiters can “speed process” him 
within 48 hours. His qualification test is scored 
immediately. Then the recruiter helps him select 
a first choice Graduate Specialist course and two 
alternates. Next the applicant takes aptitude tests 
relating to his chosen courses. These are scored on 
the spot. If the applicant qualifies, the recruiter 
puts through a long distance phone call to the 
Graduate Specialist Central Admissions headquar- 
ters in St. Louis. He finds out immediately whether 
openings exist in the courses the applicant wants. 
After selecting an available course, the applicant 
gets a written guarantee for his chosen course. 





High school senior opens mailbox to receive hoped-for 
letter guaranteeing choice of course before enlistment. 


Adv. 
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Science in the news. 


Sun Moves Satellite 


Space scientists have found that Van- 
guard I — the “grapefruit” satellite — is 
being blown off course by rays of sun- 
light. 


In recent months it was discovered 
that Vanguard I was traveling slightly 
off its predicted course. Scientists at the 
National Aeronautics and Space Admin- 
istration were curious about this varia- 
tion in orbit. They finally agreed the 
evidence suggested that the satellite 
was being pushed slightly off orbit by 
the pressure of sunlight. 

All light exerts a slight pressure. Sun- 
light in empty space has a pressure of 
only one billionth of a pound per square 
inch—roughly equivalent to the weight 
of a pencil pressing on an acre of land. 
But in the frictionless vacuum of outer 
space, this was sufficient to push Van- 
guard I about a mile off course over a 
period of two years. 

As the satellite travels through sunlit 
space, it is constantly being bombarded 
by streams of photons (light packets) 
from the sun. The photon is an ex- 
tremely small amount of energy. When 
a photon moves at the speed of light it 
acquires an infinitesimal amount of 
mass. But in the vacuum of space this 
is sufficient to cause slight pressure on 
any object it strikes. 

This pressure of light is also respon- 
sible for shaping the tails of comets and 
for distributing the debris of exploded 
stars throughout a galaxy. But Van- 
guard I, which last month observed its 
second “birthday,” provides the first 
measureable demonstration of the ef- 
fects of light pressure in space. 


“Twinkling Stars’”’ 


Astronomers at the Mt. Palomar 
(Calif.) Observatory have found that 
“twinkling” stars can help measure as- 
tronomical distances far more accurately 
than ever before. 


For more than 40 years astronomers 
have based their star-distance measure- 
ments on the “twinklers.” These are pul- 
sating stars known as cepheid variables. 

These stars blink in a rhythmic cycle, 
called a period. The length of their 
blink period and their brightness are re- 
lated — the longer the period, the 
brighter the star. Twinklers with half- 
day periods are 100 times brighter than 
the sun, and those with 40-day blinks 
are 60,000 times brighter than the sun. 

This means that if two cepheids with 


APRIL 6, 1960 





Wide World photo 


Mechanical heart for rat, made of scrap metal, plastic, and wood was built by David 
Randolph, 16, Farmington, Mich., student of Our Lady of Sorrows H.S. Artificial 
heart includes blood oxygenator. David is captain of school’s track team. Until 
now chief interest has been sports. His last biology grade was only a ‘’C.” 


the same period are compared, and one 
of them appears to be brighter than the 
other, it can be concluded that the 
brighter one is closer to the Earth. If 
one twinkler appears to be one fourth 
as bright as the other, it means that it 
is twice as far away; brightness varies 
inversely with the square of the dis- 
tance. Also, if the actual distance of one 
of the cepheids is known, the distance 
of the other can easily be calculated. 

Astronomers found that a few ceph- 
eids twinkled irregularly, and that oth- 
ers did not conform exactly to the 
period-luminosity (brightness) relation- 
ship. Small differences in color also 
were discovered in cepheids having the 
same period. 

A group of astronomers from the Mt. 
Wilson and Palomar Observatories 
found that some of the cepheids appear 
redder than the others, because of thin 
dust clouds somewhere between the tel- 
escope and the star itself. They also dis- 
covered that over a period of many 
years, a pulsating star loses some of its 
blueness, becomes yellower, and cools 
off about 1,000 degrees Fahrenheit. 

By correcting for the color differ- 


ences, astronomers can now calculate 
distances as far as the telescope can en- 
able them to see. 


Muscle Signal 


Human muscles generate extremely 
faint electrical signals at high frequen- 
cies. This phenomenon was discovered 
jointly by a physician and an electronics 
engineer. 

The discovery was made accidentally, 
while the scientists were studying elec- 
tricity generated by the body. They 
used a new low-noise transistor ampli- 
fier, capable of picking up extremelv 
weak electrical signals. 

With the volume of the amplifier 
turned up and two electrodes pressing 
against the skin of the subject’s chest, 
a “rustling” noise was heard. It occurred 
only when the subject inhaled, not when 
he exhaled. When he inhaled and held 
his breath, the rustling was sustained. 

Since there was no microphone in the 
circuit to pick up the sound of breath- 
ing, the electrodes on the chest must 
have picked up electrical signals gener- 
ated in the chest muscles. Wrist, calf, 
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and shoulder muscles gave similar rus- 
tling sounds. 

These high frequency electrical sig- 
nals had not been detected before be- 
cause they were so weak—only about 
one hundred millionth of a volt. During 
the experiment, the subject was in a 
wire cage to shield him from outside 
radio interference. 

These findings may lead to investiga- 
tion of the human body’s ability to 
transmit these radio-like signals. 

Researchers already have discovered 
that diseased muscles generate high- 
frequency signals different from those 
transmitted by normal muscles. This 
might have practical application in the 
diagnosis of muscle disorders. 


Californium to Order 


One thirty thousandth of an ounce of 
one of the earth’s rarest elements, cali- 
fornium, will be available to chemists 
in about three years. 


This man-made element, atomic num- 
ber 98, is being prepared in one of the 
giant reactors at Savannah River, S. C. 

Within the reactor 12 kilograms (a 
pint) of plutonium, the fission bomb 
element, are being bombarded with 


neutrons. This will produce one milli- 


Height of moon’s mountains are calculated from measurements 
made by microdensitometer-comparator (above), which accu- 
rately measures length of shadows on the moon’s surface. 


gram of californium as an end product. 

This quantity of californium will en- 
able chemists to study the nature and 
use of this rare element, created by the 
successive transmutation of other ele- 
ments. 

Dr. Glenn T. Seaborg, 1951 Nobel 
Prize winner in chemistry and discov- 
erer of many of the transuranium ele- 
ments of the atomic age, is involved in 
a new long-range national program. Ob- 
jective of the program: to produce re- 
search quantities of synthetic elements 
97 (berkelium), 98 (californium), and 99 
(einsteinium). 

About 100 grams (three ounces) of 
curium, element 96, will be produced 
by 1963, along with other heavy ele- 
ments, in the first step of transmutation. 
The curium will then be subjected to an 
extremely high concentration of neu- 
trons. At the end of two or three more 
years, further transmutations will have 
occurred, creating about a milligram of 
californium. 

A milligram of californium will be a 
treasure worth millions of dollars and 
have intangible value beyond price. Part 
of it will be used, for example, as target 
material for atom-smashers in which 
scientists will attempt to create ele- 
ments beyond atomic number 103. 

Out of the discovery of such new ele- 


Wide World phote 


ments, and studies of their extremely 
heavy nuclei, will come greater knowl- 
edge of the heavy chemical elements. 


Soviet Moon Map 


The Russians have honored inter- 
national scientists in naming surface 
features on the far side of the moon. 

Photographs of the far side of the 
moon were taken by a Soviet rocket last 
October. 

The names chosen honored scientists 
from many nations, including China, 
Tsu Chung-chih, Chinese mathemati- 
cian and astronomer of the fifth century, 
has a crater named after him. Tsu 
Chung-chih is famous for describing the 
relationship between the diameter of a 
circle and its circumference. He calcu- 
lated a value for pi (3.141...) whose 
accuracy remained unequaled for 1,000 
years. 

Other scientists honored by the Rus- 
sians are James Clerk Maxwell, British 
pioneer in electromagnetic — theory; 
Thomas A. Edison, the American in- 
ventor; Heinrich H. Hertz, the German 
scientist who discovered radio propaga- 
tion; Louis Pasteur, French bacteriolo- 
gist; Marie Curie, Polish-born discov- 
erer of radium; and Jules Verne, French 
father of science fiction. 

Among the Russians for which fea- 
tures were named are Dmitri Mendel- 
eyev, who discovered the periodic ar- 
rangement of the elements and devised 





Wide World photo 


Photo of moon’s craters was made at France's Pic du Midi Ob- 
servatory. Lower crater, Aristillus, is about 40 miles in di- 
ameter. White area in crater center is sun shining on peak. 
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the periodic table; Nikolai I. Lobachev- 
sky, a famous nineteenth-century math- 
ematician; and Konstantin I. Tsiolkov- 
sky, one of the first scientists to study 
the problems of space travel. 


Light Meter Standard 


It is impossible to lose, damage or de- 
stroy a wave length of light. For this 
reason the new international standard 
for the meter will be based on 1,650,- 
763.73 times a wave length of light 
emitted from the excited atoms of kryp- 
ton 86, an isotope. 

Since the spectral line of an element 
is the same anytime and anywhere, it 
makes a non-destructible standard. This 
international meter has been proposed 
and will probably be accepted by the 
International Conference on Weights 
and Measures when it meets in Paris 
next October. 

The suggestion that the meter be 
based on the wave length of light is 
more than 100 years old. In 1945, color 
lines from four elements were proposed 
for consideration as a basis for the 
meter standard: cadium, krypton 84, 
xenon 136, and mercury 198. 

Most scientists now favor krypton 86 
because it can be used at a low, stable 
temperature easily obtained. The 
orange-red line is so well defined that it 
can be measured accurately. 

The old international meter standard 
was the distance between two scratches 
marked on a bar made of platinum and 
iridium, housed at the International 
Bureau of Weights and Measures in 
Sevres, France. It is carefully main- 
tained in an air-conditioned vault. 


Science World graphic 
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Indians Adapt to Cold 


Indians living at the tip of South 
America have higher body temperatures 
and a higher basal metabolism rate 
than whites. 

This keeps them from freezing, al- 
though they wear few clothes. 

Responses to cold exposure of the 
Alacaluf Indians on Wellington Island, 
off southern Chile, were tested by nine 
physiologists and anthropologists, led 
by Dr. H. T. Hammel of the University 
of Pennsylvania School of Medicine. 

The Alacaluf Indians were observed 
by Charles Darwin, who reported in 
1832 that they were scantily clothed in 
skin, and often were seen in their daily 
activities without clothes. 


= Argonne National Laboratory photo 
Instrument above is “giant atomic spotlight’ to penetrate living tissue with 
beams of colored light to study molecules in cells. Called biological spectrograph, 
it is used in experiments at Argonne Laboratory to study basic life processes. 
Dr. Charles Ehret uses it to reset the “living clocks’’ of paramecia (see page 9). 


In tests, adult male Indians slept in 
single-layer blanket bags in unheated 
tents at temperatures between 32 de- 
grees and 41 degrees F. While they 
slept, oxygen consumption, carbon diox- 
ide production, and body temperatures 
were measured to obtain the metabolic 
rate, and to determine how the skin of 
these people radiates heat. It was found 
that their metabolic rate is generally 
high, and that it increases when shiver- 
ing occurred. This adaptation to their 
freezing environment has probably en- 
abled the tribe to survive. 

However, Dr. Hammel believes these 
Indians are not exposed to cold for long 
periods. They live in huts made of sap- 
lings, covered with seal or other skin. 
Although the wind blows freely through 
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< HOW MOUNTAINS OF MOON 
ARE MEASURED 


Height of lunar mountains can be ac- 
curately determined from photographs 
of illuminated mountain peaks and the 
shadows they cast. Knowing the length 
of its shadow, astronomers can calcu- 
late the height of a mountain as follows: 
Suppose the sun is just shining on the tip 
of the mountain peak P, whose base is 
in shadow. The ray illuminating the 
peak P is also tangent to the lunar sur- 


face at point T. The distance TP may be 
found by measuring photographs, and 
the distance TC, the moon’s radius, is 
known. Since those two form a right tri- 
angle, the hypotenuse B can be calcu- 
lated by the Pythagorean theorem. Since 
B is the height of the mountain, plus the 
moon’s radius, which is known, the 
height of the mountain is found by sub- 
traction. Although this method is not 
new, it has now been greatly refined 
and can make measurements within 100 
or 200 feet. 



















Mirror blank above will be used in telescope that will be 
carried up 80,000 feet by unmanned balloon to take photos 
free of turbulent air. Mirror is made of fused silica glass. 


Science in the news 


the huts, a fire is maintained in the 
center. The Indians sleep between skins 
with their dogs gathered around them 
for added warmth. 


News Particles 


2,600-Year-Old Seals 

Two 2,600-year-old seals are on their 
way from Antarctica to the U. S. in the 
refrigeration chamber of the Coast 
Guard ice-breaker East Wind. 

The perfectly preserved carcasses 
were among a group of 90 dead seals 
identified by an aerial survey photo- 
graph. They were entombed in ice. 

Scientific dating has shown the seals 
to be about 2,600 years old. Scientists 
believe the seals had either wandered 
into a ravine or had been chased there 
by some animal. Miles from their natur- 
al food, they had starved to death. 


New Weight for Silver 

An atom of silver weighs less than 
previously thought, according to the 
National Bureau of Standards. 

The new atomic weight of silver was 
set at 107.873, through accurate meas- 
urements with a mass spectrometer. The 
weight currently used is 107.880. 

A pound of silver will still be a pound 
of silver, but to the chemist it will con- 
tain, theoretically, more atoms than for- 
merly. 

The more precise atomic weight of 
silver means that atomic weights of 


Corning Glass Works 





other elements may have to be adjusted. 


Silver has been used to set the atomic 


weights of some other elements. 

The new atomic weight of silver was 
obtained by ionizing a sample of silver, 
then shooting these ions through a mag- 
netic field. This deflected them accord- 
ing tc their weight. 

But a dime will still be 


cents. 


worth ten 


Black Diamond 

A black diamond weighing 740 car- 
ats, believed to be the largest ever 
found, has been presented to the Smith- 
sonian Institution. 

Black diamond, also called carbon or 
carbonado, is an opaque black, tough, 
and compact variety of diamond. It is 
the most satisfactory form of diamond 
for rock drilling. Its limited use is due 
chiefly to its scarcity. 


Glueing Cars 

Tomorrow’s automobile will probably 
be glued together. 

Adhesive experts told the Society of 
Automotive Engineers recently that 
structural adhesives can compete with 
welding and riveting for fastening light 
metals such as aluminum. Joining with 
adhesives forms a seal as well as a 
bond, waterproofing the car in the 
process. 

As lighter metals, such as aluminum, 
are used more and more in building 








Martin Co. photo 


Chart of data radio-telemetered from Vanguard | keeps track | 
of “grapefruit” satellite in orbit two years, during which Van- f 
guard was blown mile off course by pressure of sunlight, | 


automobiles, adhesives will be used to 
glue them together. 


Mayan Temple Paintings 


Friendly Mexican Indians showed two 
U. S. students how to find the ruins of 
a Mayan temple. This is the first ruin 
discovered in 15 years, with painted re- 
ligious symbols intact. 

The find is outstanding. The paint- 
ings are largely intact, although painted 
on the outside of the walls, where they 
would ordinarily be exposed to water 
erosion from torrential rains that aver- 
age up to 12 feet a year in this region. 
The parts of the paintings found intact 
were sheltered by an overhang. 

John P. Milton, an archaeology stu- 
dent of the University of Michigan, and 
Gene Dursin, a student of the Univer- 
sity of Oregon, Eugene, Ore., made the 
discovery in the jungle in southern Mex- 
ico. 


The Lacandan Indians, called the last 


of the Mayas, led the two students to 


the ruins, which they called Yatoch Ku, 
the house of God. Five different ruins 
were found, including three pyramids. 


Lunar Prospector 


The first man on the moon may bea 
“hard-rock” geologist, according to a re- 
port of the National Academy of Sci:- 
ences. A hard-rock geologist is one who 
specializes in the study of minerals, and 
would be familiar with meteorites. He 
could act as a lunar prospector in assay- 
ing the composition of the moon. This 
may help determine origin of the earth 
and solar system. 
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Energy in Food 

We get energy from the burning of 
food in our body just as surely as a 
locomotive gets its energy from the 
burning of coal in its firebox. To get 
a good idea of the large energy value 
stored in some foods, try this experi- 
ment. Get a large, fresh Brazil nut. 
Open the nut carefully so that the meat 
is not broken. Mount the nut on a 
needle as shown in the drawing. Cut a 
piece of soft wood to the same size 
and shape as the nut and mount it the 
same way. Set fire to the nut and the 
wood. Make a note of the length of 
time each burns and which contains the 
greater supply of stored energy. 


BRAZIL NUT 





Expansion of Metals 

This device for comparing the ex- 
pansion rates of metals can be _ built 
from scraps of wood. With it, you can 
measure the expansion rate of different 


metals. Use bars of iron, brass, and 
other materials. The bars should be of 
the same thickness and length. File 
a notch near one end of each bar. Put 
the notch on the wooden triangle and 
rest the other end on the small round 
stick attached to the pointer. Heat the 
bar at the center with a Bunsen burner 
or alcohol lamp until the bar stops ex- 
panding. 


LOLLYPOP 
STICK 


WOODEN TRIANGLE 
GLUED TO SUPPORT 


ALCOHOL 
LAMP 








Soundproofing Materials 

Here is a method of comparing the 
soundproofing characteristics of various 
materials. Put a loudly ticking clock in- 
side the chalk box and close the lid. 
Move away from the box until you no 
longer hear the ticking. Note your dis- 
tance from the box. Repeat this pro- 
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cedure after lining the box with cork 
or other insulating materials of equal 
thickness. By noting the distance from 
the box at which you fail to hear the 
ticking, you can compare the sound- 
proofing characteristics of various ma- 
terials. Take several measurements. 


CORK LINING 








Mixing Colored Lights 


If you want to experiment in mixing 
colored lights, make the color spinner 
shown in the drawing. Paste a circular 
piece of cardboard over a large coat 
button, Thread a piece of stout string 
through the button and card. Loop the 
string over the thumb of each hand, 
wind the disc a bit and then rhythmic- 
ally pull and release the string. The 
dise will whirl rapidly back and forth. 
Paste colored tissue paper on the disc 
or color with bright crayons. Try a 
half red and half blue disc. Then try a 
disc colored as shown in the drawing 
below. If this disc is viewed in a bright 
light while it is whirling rapidly, the 
disc should appear to be white in color. 
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— WATER — SEDIMENTATION — PURIFIED) | 
| PURIFICATION TANK see WATER 
Water Purification 2. How does alum aid sedimenta- 5. How is water purified by the proc- 


Examine the diagram of a water puri- 
fication system and answer the follow- 
ing questions: 


1. What does sedimentation do? 
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tion? 

3. What is the purpose of adding 
chlorine to the water? 

4. State 3 ways in which aeration 
improves water. 


ess of filtration? 

6. Why is the watershed shown above 
forested? 

7. Why are the lakes and streams of 
the watershed stocked with fish? 
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Tracking Down 
The Transistor 





ALTER H. BRATTAIN was busy 

in his own laboratory early in 1940 
when he was called to the office of the 
research director to watch a demonstra- 
tion. 

As an experimental physicist at Bell 
Telephone Laboratories, Dr. Brattain 
had been occupied for some time in 
the investigation of the complex elec- 
trical behavior of solids. 

There was, however, nothing com- 
plex-appearing about the equipment 
that confronted Dr. Brattain that day 
in 1940. On a desk top in the research 
director’s office was something Dr. Brat- 
tain later described as “a little chunk of 
black stuff.” Two wires led from it to 


today’s scientists 


Dr. Walter H. Brattain 
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a voltmeter. Also on the desk was an 
ordinary flashlight. 

The demonstrator was another Bell 
Labs scientist, Russell $. Ohl, “a man 
of some genius,” according to Dr. Brat- 
tain. The chunk of black stuff 
piece of silicon which Dr. Ohl had been 
studying. 

He picked up the flashlight, switched 
it on, and pointed it at the rough-faced 
piece of silicon. The needle of the volt- 
meter swung upward. The light hitting 
the silicon had become electrical energy. 

Recalling the event almost 20 vears 
later, experimentalist Brattain said, “I 
didn't believe it.” 

The silicon gave a voltage 10 times 
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Three Nobel Prize winners—Drs. John Bardeen, William Shockley 
and Walter Brattain (left to right) examine apparatus used to 
develop transistor. Experimental model of the transistor is at left. 








A pair of p-n junctions make the transistor. In absence of signal in either region 
(top diagrams) p region acts as dam (upper right). When signal is applied, current 
spills over dam (lower diagrams). Signal applied in n region increases electron 
concentration in p region. Positive holes flow in opposite direction (lower right). 









: 
Bell Telephone Labs photog 





greater than would any of the photo- 
electric cells known at that time, also 
sensitive to light. 

Returning to his laboratory, Walter 
Brattain investigated further the excep- 
tional properties of a piece of this sili- 
con, given to him by Russell Ohl. The 
silicon had come from a melt made at 
Dr. Ohl’s request by Drs. Scaff and 
Theuerer of the Bell Labs metallurgical 
department. Dr. Southworth, another 
member of the Bell Labs staff, in search 
for better detectors of microwaves, had 
gone to the Cortlandt Street second-hand 
radio market in New York City to find 
some old cat’s whisker detectors. These 
worked where a vacuum tube would 
not. Dr. Ohl had become interested, and 
had asked Drs. Scaff and Theuerer if 
they would not try to make some sili- 
con for him that was purer and more 
uniform. One of the melts they had 
made had silicon with this interesting § 
photoelectric boundary in it. 


—— 





No one could have guessed it then, 
but future work toward the understand- 
ing of these interesting properties was 
to lead to the invention of the transistor, 
and to win for Drs. Bardeen, Brattain, 
and Shockley a Nobel Prize in physics. 

The transistor, a made-up name which 
comes from its electrical job of TRANs- 
ferring a signal across a reSISTOR, has 
revolutionized electronics in the last 10 
years. (This name was given to the de- 
vice by J. R. Pierce in Brattain’s office.) 
The transistor has made a part of every- 
day life such wonders as radios smaller 
than a sandwich. It has enabled artif- 
cial satellites, orbiting around the Earth, 
to radio back information. Someday it 
may bring electronic computers a mil- 

(Continued on page 36) 
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PROJECTS AND EXPERIMENTS 


PROJECT: 


STUDENT: KENNETH V. JACKMAN 
SCIENCE ACHIEVEMENT AWARDS WINNER 


{How can the blood pressure of a rat 
be measured? This was a problem Ken- 
neth Jackman had to solve before he 
could get underway with his basic 
research—on the effects of adrenalin, 
a hormone, on circulation. Kenneth’s 
problem was a technical one. Its solu- 
tion required the application of basic 
scientific principles to a practical prob- 
lem. 

If you have ever had your blood pres- 
sure “taken,” you will recall that the 
physician didn’t open a hole in your 
arm to see how far the blood would 
spurt. Instead, your arm was wrapped 
in a rubber cuff that was inflated with 
air from a pressure bulb. Your blood 
pressure was measured indirectly, by 
finding its equivalent in gas pressure. 

Gas pressure gauges, usually called 
manometers, make use of basic knowl- 
edge of the behavior of fluids (gases 
and liquids) under pressure. A type of 
manometer frequently used in science 
classrooms consists of a glass U-tube 
partially filled with mercury. If you 
blow in one arm of the tube and put 
the gas in that arm under pressure, the 
mercury will rise in the other arm. Thus 
you will have measured your “breath 
pressure.” The modern blood pressure 
instrument is called a sphygmomanome- 
ter (Greek word for pulse plus manom- 
eter). 

When the physician inflates the cuff 
on a patient’s arm, the circulation is 
momentarily cut off. As the cuff is 
pumped up, the mercury in the tube 
rises. Then, as the air is slowly released, 
the physician listens for the pulse with 
his stethoscope in the crook of the pa- 
tient’s arm. 

When the first pulse is heard, the 
height of the mercury column is read. 
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At that point the pressure of the blood 
exactly balances the pressure of the air 
in the cuff, supporting the mercury. This 
reading is the pressure of the contracting 
heart. It is called the systolic pressure. 
At the point where the pulse is no 
longer audible, the diastolic or relaxed 
pressure is recorded. You can imagine 
the frustration involved in trying to 
apply this same technique to a labora- 
tory rat. It just won’t work. 

Technical problems are often the first 
step in research. In solving them the 
scientist analyzes the problems and re- 
lates them to the basic principles in- 
volved. Then the scientist often—but not 
always—is able to work out a solution. 

The process works both ways. For 
in trying to work out a practical prob- 







SCHOOL: CLAREMONT HIGH SCHOOL, CLAREMONT, CALIFORNIA 
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lem or do applied research, important 
basic discoveries may be made that con- 
tribute to our general scientific under- 
standing. For example, the practical 
problems of utilizing nuclear fission 
have opened the way for many basic 
discoveries about the nature of the atom 
—having nothing to do with bombs. In 
the same way, the pressing and practical 
problems of treating disease have led to 
important discoveries that have little to 
do with disease itself. Kenneth’s work 
was stimulated by an interest in heart 
disease, but its results were not directly 
related. | 


KENNETH’S PROJECT 


My research was undertaken to ac- 
complish the following: 





Equipment used in Kenneth’s experiment is shown above. Note water-filled flask. It 
was used to cool and ccncentrate light (left) for microscope’s illuminating mirror. 
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To construct a mercury manometer 
able to measure the blood pressure of a 
laboratory rat. 

To record my findings graphically 
and compare them with findings made 
by previous investigators using this 
technique. 

To answer certain biological ques- 
tions: 

1. Would adrenalin cause a measur- 
able effect in the blood pressure of the 
laboratory rat? 

2. Is there an inhibitor effect in the 
adrenalin that would cause blood pres- 
sure to fall below normal? 

3. Are there other measurable bio- 
logical effects as a result of the injection 
of adrenalin? 

4. Does anesthesia have an effect on 
blood pressure? 


Method of Procedure 

Early in the project, I built an elec- 
trically-driven kymograph (instrument 
for graphically recording blood pressure 
on a revolving drum). This instrument 
was not satisfactory. Therefore, a mer- 
cury manometer was substituted for the 
kymograph so that the pressure changes 
could be read directly. The manometer 
was built from 200 cm. of glass tubing, 
4% inch in diameter, bent to form a “U” 
tube. This was filled with about 600 g. 
of mercury and calibrated by using a 
standard sphygmomanometer lent by 
the high school science department. The 
mercury manometer is marked in mil- 
limeters to form a scale reading from 
0 to 400 mm of mercury. The manome- 
ter tube is connected with plastic tub- 
ing to a glass “T.” One arm of the “T” 
is attached to the hand-pressure bulb 
and the other arm to the rubber pres- 
sure cuff by means of plastic tubing. 

The rubber cuff was made from a 
strip of rubber from a surgical glove 
rolled and glued to form a tube. ‘The 
mercury manometer, cuff, and rubber 
pressure bulb were connected so that 
pressure on the bulb expanded the cuff 
while mercury in the manometer rose 
to the corresponding pressure. 


Preparing Animal 

The rat was placed in a jar for ether- 
ization. After the animal was “under,” 
a test tube with ether-soaked cotton 
kept it at the desired level of uncon- 
sciousness. 

The hind foot was shaved and the 
rubber cuff was slipped on. The cuff was 
held in place by Scotch tape. The ani- 
mal’s foot was then placed on a slide, 
the toes spread and held apart by col- 
lodion. When dry, collodion keeps the 
toes spread apart so the web will remain 
fairly tight. The web between these toes 
was then ready to be examined under 
the microscope. 





Rubber cuff was slipped on rat’s foot, held in place by Scotch tape. Toes on slide 
were spread apart, held apart by dry collodion. Thus capillaries in web were exposed. 


Making Tests 

The capillaries in the rat’s foot were 
examined under the 30 power micro- 
scope (30 X). The pressure bulb was 
pumped until blood flow stopped. Then 
pressure was gradually reduced until I 
could see the first spurt of blood rush- 
ing through. At this point I recorded 
“systolic” pressure, the only one with 
which I was concerned. 

Before injecting the adrenalin, a 
reading was taken minute to 
establish the normal blood pressure for 
each rat. The normal blood pressure re- 
corded was the average of several read- 
ings—each taken on a different capillary. 
After the preliminary steps, an injection 
of adrenalin varying from 0.1 cc to 1.0 
ce was administered subcutaneously by 
hypodermic. 

Following the injection of adrenalin, 
readings were taken every 3 to 5 min- 
utes until the blood pressure increased 
or decreased. Then readings were taken 
every minute during the short period 
the adrenalin acted on the blood vessels. 

Following each test, a rest period of 
five to six days was required to rid the 
animal’s system of the excess adrenalin. 


ever) 


Observations 

1. The pressure cuff and mercury 
manometer method proved more suc- 
cessful than the kymograph method. 

2. The laboratory rat may be ex- 
amined under ether if the procedure is 
carefully done. 

3. Normal blood pressure 
readings vary with individual animals 
(as much as 30 to 40 mm of mercury). 

4. A few minutes after injection, the 
rat’s eyes begin to protrude and do not 
return to normal until hours 
later. 

5. The primary object of the experi- 
ment was accomplished by recording 
and graphing variations in systolic blood 
pressure after adrenalin injection. 

6. A rise in blood pressure was pre- 
ceded and followed by a decrease in 
blood pressure because of the supposed 
inhibitor effect in adrenalin. This was 
noted in the majority of subjects that I 
tested. 

7. Because of the effects of ether on 
blood pressure, each reading had to be 
corrected by plus or minus 10 mm. 

8. Effects wear off slowly and rats 
need a week’s rest between tests. 


systolic 


several 
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STUDENT: ARTHUR N. FANKUCHEN 
SCIENCE ACHIEVEMENT AWARDS WINNER 


[Our everyday experiences with light 
have to do largely with reflection and 
refraction. To understand the behavior 
of light as it is reflected and refracted, 
it is helpful to think of light as rays— 
beams of light traveling in straight lines 
from the source of illumination. 

In Science World for March 16, ex- 
periments to measure the speed of 
light were described. Generally we use 
186,000 miles per second as the value 
for the velocity of light in air or space. 
In other substances that conduct light, 
its velocity is less. 

If a ray of light passes through two 
light-conducting substances, called con- 
ducting media, the light will be bent 
as it slows down or speeds up in leav- 
ing one medium and entering another. 
A simple experiment will demonstrate 
this bending. Put a nickel or a dime 
in the bottom of an empty cup. Now, 
keeping your eye on the coin, step 
backward until it just disappears from 
sight. If water is poured slowly into the 
cup (so as not to move the coin) the 
coin will suddenly pop back into. view. 


| Why? Because the light reflected from 
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the surface of the coin is bent toward 
your eye as it passes from water into 
the air. 

If we compare the speed of light in 
air or space with its speed in some 
other medium, the resulting ratio will 
be called the index of refraction. A 
French scientist, Leon Foucault, found 
the speed of light in water to be 139,- 
000 miles per second, The index of 
refraction of water is 186,000 divided 
by 139,000, or 1.33. The coin and cup 
demonstration shows this index of re- 
fraction of water. 

Many substances have one index of 
refraction, but some crystals have two 
—one for the speed of light as it passes 
from end to end, and the other as it 
passes from side to side. Such a sub- 
stance is said to be birefringent. 

If light falls on a surface and some 
of it is refracted and some reflected at 
uneven and irregular surfaces, it is said 
to be scattered. It is by scattering of 
light that non-luminous (not giving 
off light) objects become visible. 

Using these basic concepts Arthur 


Fankuchen developed some original 
SCATTERER 
MEDIUM 
6000 7000 8000 


WAVELENGTHS IN ANGSTROMS 


é 
Chart shows how Arthur graphed relationship between wave length and index 
of refraction to find point where light conductor and scatterer had same index 


for a single wave length. Intersecting curves show that experiment should work. 
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1 PROJECT: Controlled Scattering 
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ARTHUR’S PROJECT 


Many people seem to think that scat- 
tering of light has no useful purpose. 
This is not always the case, for light 
scattering, an optical phenomenon, can 
be controlled and utilized. This report 
deals with my attempts to do this. 

The basic question is, “When does 
scattering occur?” The answer is sim- 
ple. It occurs whenever a beam of light 
comes to a boundary between two light 
conducting media in which the speed 
of light is different, that is, the media 
have different refractive indices. If two 
media with such widely different physi- 
cal properties as a powder and a liquid 
have the same refractive index, the re- 
sulting mixture should resemble a single 
light-conducting medium. For example, 
a mixture of a powder that is opaque 
in air because of light scattering, and a 
liquid of the same refractive index 
should be transparent. 

Actually, such mixtures are usually 
colored. However, the theory need not 
be modified. It is necessary to under- 
stand that refractive index varies with 
wave length. If the refractive index is 
plotted against wave length, the result- 
ing curve is called the dispersion curve. 

By examining dispersion curves, you 
can match refractive indices for one 
wave length (see diagram at left). If, 
in the liquid-powder mixture, there is 
a wave length for which the indices 
are the same, it will come through with- 
out any scattering or attenuation, while 
all other wave lenths will be scattered 
in amounts depending on their distance 
from the point where the plots of re- 
fractive index and wave lengths cross. 

This means that the light transmitted 
by a system of this type will be of only 
one wave length. Its scattered light 
will be a group of different wave 
lengths. The color of the scattered light 
will be complementary to the color of 
the transmitted light. Scattered light 
plus the transmitted wave length will 
equal the color of the original source 
(white). A filter for separating wave 
length, built on this principle, was first 
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Science World Graphie 
Light bends in passing from water to 
air. When cup is filled coin becomes vis- 
ible as light rays bend toward eye. 








described by Christiansen in the 1880's. 
He constructed such a filter out of 
quartz. Christiansen’s filter was not very 
successful because quartz is birefringent 
(has two different refractive indices). 
The system was slightly opaque because 
it is impossible to match both of these 
indices with that of another medium 
having a single refractive index. Chris- 
tiansen’s filters have been overlooked, 
and their possibilities never explored. 


Problem and Research 


When I learned about Christiansen 
filters, I thought that with the wide 
variety of materials made available by 
modern technology, I should be able 
to construct some good color filters. 
The first type of materials that occurred 
to me were the polymers (plastics). 
Since there are so many polymers avail- 
able, I thought it would be easy to find 
some which would be suitable. 

I soon discovered that everything 
was not as simple as it seemed. The dif- 
ficulty was that all of the highly disper- 
sive transparent liquids (materials with 
sharply inclined dispersion curves) 
were excellent solvents for the plastics 
I had available. All of the filters I con- 
structed soon turned into nice gels. 
This was no good because the opera- 
tion of the filters depended on the 
existence of numerous particle-medium 
interfaces (floating particles). It was 
obvious that I had been over-ambitious 
when I tried to tackle plastics. 

I next tried organic cubic crystals as 
scatterers. This approach also proved 
barren. After several weeks, all I had 
succeeded in doing was constructing one 
poor filter consisting of powdered hexa- 
methylene tetramine as the scatterer in 
a medium of aniline. The trouble with 
this was that the colored liquid medium 
partially masked the transmitted green 
light. 

Finally, I met with success when I 
used ordinary soda glass as my scat- 
terer. However, even though soda glass 
is relatively insoluble and had good 
dispersive properties, it still presented 
problems. Normal ground glass is far 
too dirty for optical purposes and I had 
to prepare my own finely powdered 


glass. As glass is rather hard, this was 
quite difficult. I eventually succeeded 
in doing this by blowing very thin 
bubbles and grinding them up. 

Using a three-liquid medium (benzyl 
alcohol, dimethylphthalate, and carbon 
tetrachloride), I succeeded in prepar- 
ing a series of four filters spanning the 
visible spectrum. These filters gave bet- 
ter results than the scientific literature 
reports for other Christiansen filters. 

My experience with Christiansen fil- 
ters laid the groundwork for my next 
idea: a method of producing polarized 
light by selective scattering. All that 
was required to achieve this was to sub- 
stitute a bundle of parallel birefringent 
fibers for the powdered scatterer used 
in the Christiansen filters. The bundle 
of fibers will be opaque due to light 
scattering at the fiber-air interfaces. It 
will also have two refractive indices, at 
right angles to each other. If this 


bundle is immersed in a medium whose 
one of 


fibers, 


the 
then 
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the 


index 
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unpolarized 
light 


izing element, light is almost completely 
absorbed and the filters appear opaque. 
When rotated 90 degrees the filters are 
transparent enough to read through, 

A major problem that I faced in the 
actual construction of these filters was 
due to air bubbles trapped among the 
fibers. Some of these bubbles disap. 
peared upon standing, but the majority 
had to be teased out with a needle. 
This partially disrupted the alignment 
of the fibers. 

The production of polarized light by 
the use of parallel fibers immediate] 
suggests some interesting explanations 
of biological phenomena. 


Navigation by Animals 


Many investigators have found that 
various organisms appear to navigate 
by polarized light. This is possible by 
virtue of the fact that sky light is polar- 
ized. In order to do this the animal 
must have a polarizing element to ana- 
lyze the sky light. In most cases these 


elements have not been discovered 
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Diagram shows how light is polarized. Crystal acts as if it had slit and per- 
mits passage of light in same plane. All other light is filtered out and blocked. 


light vibrating in that plane will be 
transmitted as polarized light while all 
others will be scattered. 

The first thing I needed to construct 
the fiber polarizers were thin, relatively) 
inexpensive, highly birefringent fibers. 
The synthetic fibers (nylon, dacron) 
seemed to fit the bill. These fibers pre- 
sented two problems, First of all, be- 
cause of the filler added during produc- 
tion to facilitate dyeing, they were not 
very transparent. (Fortunately, I even- 
tually found some relatively filler-free 
dacron fibers.) The second difficulty 
resulted from the poor optical prop- 
erties of the fibers. Undoubtedly, they 
could be optically uniform, but there 
is no large market for such fibers and 
this has not been done. 


Polarizing Filter 


The filters that I finally built are 
made with dacron fibers and a medium 
composed of benzyl alcohol and cin- 
namaldehyde. When this filter is placed 
at right angles to a conventional polar- 


Perhaps the reason for this is that in 
the past scientists have looked for con- 
ventional polarizing elements, such as 
dichroic materials, and natural objects 
functioning like nicol prisms. I pro- 
pose that the method for the detection 


of polarized light in these organisms | 


may be selective scattering. 
This method seems to be a natural 


one for biological organisms because § 


all organisms are full of transparent 
birefringent fibers immersed in various 
“goos.” If the refractive index of the 
“goo” is anything other than half wai 
between the longitudinal and transverse 
indices of the fibers, then the system 
will be a partial polarizer, Of course, 
unless there is a good match with one 





aad 





of the indices of the fibers the system 


will not be a very good polarizer. How- 


ever, it would be strange if nature, i) § 


the billion years since such partial 
polarizers were developed for othet 
reasons (muscles, nerves, tendons), had 
failed to utilize them for their unusual 
optical properties. 


SCIENCE WORLD 


Aq 

‘you 
ay} 
auo 
asal 
ay} 

apis 
ayy 

jeu 
aaa 
aaja 
JARI 
ase 
yors 
syao 


Sum 


Born 
Age | 
Took 
Years 


Total 


‘0961 
‘aundy 
Ur win 
qepugy 
‘pasde 
PE 
aq} ay 
Jooyps 
St yey: 


APRII 









otely 
que. 
S are 
h. 

1 the 
was 
xr the 
isap- 
jority 
edle. 
ment 





ht by 
ately 
itions 


| that 
vigate 
le by 
polar- 
nimal 
) ana- 
these 
vered 





i Graphie 
per- 
ked. 


hat in 
yr COn- 
uch as 
objects 
I pro- 


tection j 


anisms 


natural 
yeCause 
sparent 


various 7 








of the : 


lf wat 
nsverse 
system 
course, 
ith one 
system f 
r. How: 
ture, il 
partial 
r other 
ns), had 


\ inusual 





NORLD 





Chip Off the Old Block 

Take a cubic block of wood and paint 
it black on all sides. Cut the block into 
three equal slices, and cut each slice 
into nine equal cubes. This makes a 
total of 27 small equal-sized cubes. 
Can you now answer the following 
questions: 

How many small blocks have three 
sides painted? How many have two 
sides painted? How many have one side 
painted? How many have no 
painted? 


side 


Robert Burdick 
Army & Navy Academy 


Carlsbad, Calif. 
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Escape from the Tower 


A queen, her daughter, and her 
young son were being held for ransom, 
imprisoned at the top of a high tower. 
Their only communication with the 
ground was a rope passed through a 
pulley above their window. At each 
end of the rope was a basket, so that 
when one basket rested on the ground, 
the other basket would be opposite the 
window. The queen decided to use the 
basket to escape with her family. The 
queen weighed 195 lbs., her daughter 
weighed 105 Ibs., and her son weighed 
90 Ibs. She knew that if one basket 
were more heavily loaded than the 
other (or if they were evenly loaded), 
it could be brought to the ground. But 
if either basket was more than 15 pounds 
heavier than the other, the descent 
would be too rapid and dangerous. 
Finding a 75-lb. cannonball in the 
tower, the queen and her children made 
their escape. How did they manage it? 

Johnny Callen 
R-1 Junior-Senior H. S. 
Vandalia, Missouri 





Sum Coincidence! 


The following table was widely circulated during the year 1944: 


Roosevelt 
EES tte eee ee 1882 
CE BOG) Scivcccscedcwses 62 
I eid. due ln elala kes 1933 
MS ecb csdebyeeds 11 
ae a 


Churchill Stalin Hitler Mussolini 
1874 1879 1889 1883 
70 65 55 61 
1940 1922 §=1933 1922 
4 22 11 22 
3888 3888 3888 3888 


Is this a remarkable coincidence? Or is it just a trick in arithmetic? 
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Richard Ruddell 
Dearborn, Mich. 
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Planting Problem 
A man bought ten young trees which 
he wanted to plant in five rows, with 
four trees in each row. How can he 
arrange the trees according to these 
conditions? 
Byron Morris 
La Habra High School 
La Habra, California 
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Send in Your Favorite Brain Teaser 

You surely have a favorite brain 
teaser that you would like to share with 
other readers, Send the brain teaser, 
together with the solution, to Science 
World, 33 West 42nd Street, New York 
36, N. Y. We will pay $5 for every 
brain teaser published. Include the 
name of your school, in addition to 
your home address, and state your age. 
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Tracking Transistor 
(Continued from page 30) 


lion times closer to the competence of 
the human brain. 

But the problem in 1940 concerned 
that rough piece of silicon and other 
materials which showed similar electri- 
cal characteristics. It was not a new 
problem. Beginning in the 1930's prom- 
inent experimenters had noticed that 
various members of this group of ma- 
terials—now called semiconductors— 
could be made to exhibit an electrical 
voltage under the influence of light or 
heat and had other unique electrical 
properties as well. 

“The puzzle,” Dr. Brattain said years 
later, “was how could vou have a single 
material in which, apparently, the carri- 
ers of electrical current could have either 
a positive or negative sign, but appar- 
ently the same freedom to move as 
electrons?” 

That puzzle was bound up in semi- 
conductors, which, as the name tells us, 
conduct electrical current less well than 
conductors but better than insulators. 
The manner in which a semiconductor 
carries current was first theorized in the 
1930s by a British scientist. He based 
his theory on the idea that current flows 
in a semiconductor not only by the 
movement of negative electrons but also 
by the movement of “holes.” A hole is 
a space where an electron should be but 
isn’t. 

In a good conductor, such as copper, 
there are many electrons which have no 
duties which force them to stay near 
particular atoms. These relatively “idle” 
electrons can be made to drift through 
the metal by a small electrical force. 
Their motion through the metal is an 
electrical current. 


Soft-Hearted Diamond 


On the other hand, in a diamond al- 
most all the electrons form localized 
chemical bonds between atoms. It would 
take a large amount of energy to set 
them free to conduct a current. A dia- 
mond therefore is a good insulator. 

A semiconductor, such as_ silicon, 
might be thought of as a “soft-hearted” 
diamond. Its electrons also are occupied 
bonding one atom to the next. But 
they’re not held as tightly as in a dia- 
mond. It doesn’t take too much energy 
to put the electrons in a position to 
move about and conduct a current. 

But in leaving its bonding duties an 
electron leaves a hole behind it. Another 
nearby bonding electron can jump into 
the hole, of course. But that electron, 
too, leaves a hole. If you visualize the 
hole instead of the electron, then you 
might say the hole is moving—but in a 
direction opposite to the electron move- 


ment. And the hole is positive. Because 
the crystal is neutral when the electrons 
are in their proper bonding positions, 
the space where an electron is missing is 
positive. Or, as John Bardeen said in his 
Nobel Prize Lecture, “A missing nega- 
tive electron is a positive defect in the 
electron structure.” 

These defects in a substance like 
silicon arise from impurities—a few 
atoms of some element other than sili- 
con. These “impure” atoms take the 
place of a few silicon atoms in the crys- 
tal structure. 

If an atom of impurity has one less 
electron than the silicon atom whose 
place it’s taking, then a hole is left. 
These holes are positive current-carriers 
and the silicon is called “p-type.” An- 
other type of impurity may have one 
more electron than the silicon. There is 
then a surplus of electrons, which are 
negative current-carriers, and the silicon 
is called “n-type.” 

Suppose a piece of silicon had both 
p-type and n-type areas in it. Then the 
boundary line between the “p” and “n” 
is a “p-n junction”—a construction close 
to the heart of transistor theory. It can 
work as a rectifier, that is, it will allow 
current to flow one way but not the 
other. The chunk of black stuff that Dr. 
Oh! demonstrated was a p-n junction. 

How it rectifies is easy to imagine. 
The holes, being positive, are repelled 
by a positive charge. Connecting a 
p-type semi-conductor to the positive 
terminal of a battery causes the holes 
to rush away and across the junction. 
For the same repelling reason, connect- 
ing an n-type material to the negative 
terminal of a battery causes the elec- 
trons to move toward the junction from 
the other side. Holes and electrons cross 
the boundary line going in opposite di- 
rections and current flows through the 
semiconductor. But if the battery wires 
are reversed, both holes and electrons 
are drawn back from the junction area 





Answers to Crossword Puzzle 
(See page 39) 
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and almost no current moves across it. 

Before Russell Ohl’s flashlight dem- 
onstration, Dr. Brattain already had 
done considerable work with copper 
oxide. This is semiconductor which acts 
much like a p-n junction in the region 
where it is in contact with plain copper, 

After the intriguing Ohl demonstra- 
tion, Dr. Brattain had hardly got a good 
start on studying the surface properties 
of silicon when the United States was 
swept into the struggle of World War IL. 

Dr. Brattain joined a group at Co- 
lumbia University working under a 
National Defense Research Council con- 
tract. The group was given the task of 
finding out whether a magnetic instru- 
ment could be devised which an. air- 
plane could carry to locate enemy sub- 
marines. 

But although Brattain was interrupt- 
ed in his semiconductor studies, others 
carried on work with semiconductors. 
The development of radar demanded a 
device to detect the radar signals for 
which a vacuum tube was not then suit- 
able. The demand was answered by the 
silicon detector, which had been almost 
ignored since the vacuum tube replaced 
the old “crystal set” radio receiver. Sili- 
con detectors made World War II radar 
possible. 

After the end of the war, Dr. Brattain 
and other scientists returned to their re- 
search. A group was formed at Bell 
Labs to continue investigation toward 
a better understanding of the basic 
properties of semiconductors. Dr. Brat- 
tain was part of the group and speci- 
alized in semiconductor surface pheno- 


mena. 


Elegantly Simple Idea 


One possibility of the combined effort 
was an elegantly simple idea: If a semi- 
conductor could be a rectifier, then why 
couldn’t it be made to act as an ampli 
fier too? As a rectifier, the semiconduc 


tor was doing the same thing a vacuum § 
diode tube did—it was allowing current } 


to ow one way but not the other. But 
the vacuum tube could also be made 
to serve as an amplifier by putting @ 
grid between the filament and _ plate 
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Then a weak signal on the grid could 
be used to control the electrons as they § 
passed a strong current from the fila 
ment to the plate. The outcome was 4 
strong current arriving at the plate wit 
the imprint of the signal from the grid 

With the analogy of the vacuum tube 
in mind, many investigators had though'f 
amplification might be obtained in °§ 
semiconductor by putting a grid in the§ 
middle of the rectifying junction. Th 
trouble was that the tiny area where th 
rectification took place was only 1 /10, 
000th of a centimeter thick. 

Another possibility occurred to Ds 
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Shockley: Why not control the current- 
conducting ability of a semiconductor 
by applying a voltage between a metal 
plate and the semiconductor surface 
without touching it? This is what is 
called the “field effect.” 

The idea was tried by various mem- 
bers of the group, using thin films of 
silicon. Later they tried crystals of ger- 
manium, which behaves very much like 
silicon but takes less energy to free its 
bonding electrons. 

At first it didn’t work. But Dr. Bar- 
deen came up with a theory to explain 
why it didn’t work. Surface atoms of 
germanium .form as many bonds with 
their neighbors as inside atoms. The 
extra electrons are left over. This results 
in surface states in which there can be 
more or fewer electrons, depending on 
the applied electric field. This prevents 
the electric field from reaching into the 
germanium and producing the field 
effect. These extra electrons at the sur- 
face are trapped and not free to move 
along the surface. 

Drs. Brattain and R. B. Gibney per- 
formed experiments to investigate the 
predictions of Dr. Bardeen’s theory. The 
experimenters began to get a hint at an 
answer when they used an electrolyte 
between the current-controlling elec- 
trode and the germanium. The electro- 
lyte, a current-carrying liquid, appar- 
ently piled up charges at the surface of 
the germanium. The charges produced 
such a strong electric field that it pene- 
trated the surface barrier. 


On the Right Track 

At Dr. Bardeen’s suggestion, the next 
step was to use one drop of electrolyte 
hooked to a battery to apply a strong 
electric field on the surface of a p-type 
silicon crystal. In the middle of the 
drop, but insulated from it by a coat- 
ing of wax, was a wire with its point 
touching the crystal. 

Now they knew they were on the 
tight track. A change in the voltage ap- 
plied to the electrolyte caused a change 
in the current flowing from the crystal 
to the wire. This was the “field effect” 
that Dr. Shockley had predicted. 

There was current amplification but 
not much, if any, voltage amplification. 
Drs. Bardeen and Brattain turned the 
experiment around and tried it on 
n-type germanium. This time there was 
both current and voltage amplification. 
However, the device would not respond 
very fast, only about as rapidly as ten 
times a second. 

The electrolyte was to blame, Drs. 
Brattain and Bardeen reasoned. So with 
Dr. Gibney’s help they tried to replace 
it with a metal contact insulated from 
the germanium surface. They used gold 
because it was easy to work with. 
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PHYSICAL 
HECK-UP 
FOR AN UNDERSEA 
CABLE ~~“ 


How do you send a voice loud and clear through 900 miles 
of icy, grey water between Washington and Alaska? 


First of all, you lay an undersea cable. At intervals, you 
build devices into the cable to pick up the voice signals, boost 
them and pass them on. These devices are called “repeaters.” 


Should one of these repeaters fail without warning, it would 
completely disrupt direct telephone service between the U. S. 
and Alaska. So, Bell System scientists have developed a tech- 


nique for checking up on the health of these repeaters. 


Periodically, a telephone man near Seattle calls a telephone 
man in Alaska: “Hi, Mike. Will you be ready to start checking 
repeaters at 10 o’clock?”’ At 10 o’clock, as agreed, a signal is 
sent over the cable. Each repeater responds to a particular 
frequency which is different from all others in the cable. The 
person receiving the signal checks each repeater’s reaction 
against previous performances. If a repeater gives evidence of 
deteriorating, steps can be taken to correct the condition. 


Developing new ways of communicating is but one part of 
the Bell System’s job. It’s just as important to maintain existing 
equipment—to make sure that it serves you as long as possible 
and as efficiently as possible. 
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“‘We haven't gotten far with the 
common cold, but we have taught 


the mice good sanitary habits.” 


“Your test score, Bronson, very con- 
vincingly disproves the theory that 
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“Hoskins used to be with the 
Energy Commission.” 


Atomic 








one can learn while one sleeps.’’ 





On investigating this new experiment- 
al device, it was found that it had not 
been made properly to produce a “field 
effect.” The gold was not insulated from 
the germanium surface. But a new ef- 
fect was found. 

As Dr. Brattain’s co-winner John Bar- 
deen later told the Nobel lecture audi- 
ence in Stockholm, Sweden, “This ex- 
periment suggested that holes were 
flowing from the gold into the germ- 
anium ... [and then] into the contact 
point to enhance the reverse current. 
This was the first indication of the trans- 
istor effect.” 

There was cause for elation in the 
laboratories, although the first experi- 
ments did not actually give power am- 
plification. Dr. Bardeen suggested that 
if the point contacts were made close 
enough together on the germanium sur- 
face, then the device should amplify. 
He suggested small metal contacts 
touching the germanium only five thou- 
sandths of a centimeter apart. 

To get the contacts that close, Dr. 
Brattain had to make a little gold- 
covered wedge and split its point with 
a razor blade. 

It worked. Both voltage and current 
were amplified and the signal emerging 
from the germanium was a much strong- 
er duplicate of the signal pattern that 
had been fed into it. And it was plain 
to the experimenters that large parts of 
both the current going into and coming 
out of the germanium were being car- 
ried by the holes. In the case of the 
negative type of germanium, the posi- 
tive holes were minority carriers of cur- 
rent. Introduced at the point contact 
carrying the original signal, the holes 
were flowing through the germanium 
and coming out at the second point con- 
tact. 

Nobody had fully recognized the real 
importance of minority carriers before, 
nor were the details of the phenomenon 
clearly understood. 


Thanks to His Professor 

This happened in 1948, eight years 
after Dr. Brattain had watched the 
flashlight shine on the silicon and pro- 
duce a voltage—and almost 25 years 
since he had become interested in phys- 
ics at Whitman College in Walla Walla, 
Washington. 

In his undergraduate days at Whit- 
man, Walter Brattain was influenced by 
the same physics professor who had 
taught both his father and mother when 
they were at Whitman. The significance 
of the influence is indicated in a special 
footnote to Dr. Brattain’s Nobel lecture, 
in which he credits the professor with 
training him in the discipline of scienti- 
fic investigation. 

Walter Brattain was born on a little 





island near Amoy off the coast of China, 
That was in 1902, when his father was 
a private school teacher on the island, 
Young Walter was schooled in the U.S., 
receiving a bachelor of science degree 
at Whitman in 1924, then his M.A, 
from the University of Oregon in 1926, 
Three years later he was awarded his 
Ph.D. from the University of Minnesota 
after he had worked for two years as 
assistant physicist at the National Bu- 
reau of Standards. 

Dr. Brattain started with Bell Labs 
in 1929 and still continues there as an 
experimental physicist, working towards 


| 





a better understanding of semiconduc- 


tor surface phenomena. 

The “point contact transistor” which 
he and Dr. Bardeen were able to show 
to the world in the summer of 1948 was 
followed in a few months by a theory of 
p-n junctions by Dr. Shockley. He 
wanted to get away from the depend- 
ence on a point contact to the ger- 
manium surface. To do it, he proposed 
a transistor made of two p-n junctions 
close together. Bell Labs’ Morgan 
Sparks was able in 1951 to make a 
“p-n junction transistor,” of the type 
proposed by Dr. Shockley. 


New Vistas 


By 1956, when the Nobel Prize com- 
mittee named Brattain, Shockley, and 
Bardeen to share the award in physics, 
the transistor had grown in importance 
until it could do almost anything a vac- 
uum tube could—and do it in only « 
fraction of the space, with only a frac- 


tion of the power needed by a vacuum | 


tube. And the transistor emitted almost 
no heat, the plague of the vacuum tube. 

For a time in the 1940s the further 
development of electronic equipment 
seemed almost to be stymied by the 
limitations of the very item which had 
given birth to the electronics industry- 
the vacuum tube. The transistor came 
along to open up new vistas. 

Notified that he was a Nobel winner, 
Dr. Brattain let spread the smile that 
frequently seems to be lurking around 
the edges of his mustache. “I certainl 
appreciate the honor,” he said. “how- 
ever, much of my good fortune comes 
from being in the right place at the 
right time and having the right sort of 
people to work with.” 

—WAaLLACE K. WATERFALL 
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Plants and Animals 


By Donna Sobczak, St. Catherine’s H. S., DuBois, Pennsylvania 


* Starred words refer to biology 


Students are invited to 
submit original crossword 
puzzles for publication 
in Science World. 
Each puzzle should be 
built around one topic 
in science, such as as- 
tronomy, botany, geolo- 


y, space, electronics, 
‘amous scientists, etc. 
Maximum about 50 


words, of which at least 
10 must be related to 
the theme. For each puz- 
tle ye we will 
pay Entries must in- 
clude pede puzzle 
design, definitions, an- 
swers on separate sheets, 
design with answers 
filled in, and statement 
by student that the puz- 
tle is original and his 
own work. Keep a copy 
as puzzle cannot be re- 
turned. Give name, ad- 
dress, school, and grade. 
Address Puzzle Editor, 
Science World, 33 West 
42nd Street, New York 
36, New York. Answers 
to this puzzle are on 
page 36. 


° 1. Microscopic one-celled animal found 


in stagnant water. 
5. He discovered the cell 
10. Gives color to fabric. 


12. In this stage the moon is a thin cres- 


cent curving toward the right. 

°13. Lung disease (abbr. ) 

15. Insect that feeds on nectar. 

17. Post Office (abbr.), 

18. Present tense of ate. 

°19. Spongelike’ respiratory organs that 
bring oxygen to the blood. 


°20. 
21. Means of transportation (abbr.). 
23. Royal Navy Guard (abbr.). 

25. Pennsylvania (abbr. ). 

26. Fifth sign of the Zodiac. 

28. Past tense of do. 

30. American labor leader, George 


—_ 


*33. Carries African sleeping sickness, 
____tse fly. 

35. An actor’s signal. 

37. Short for Edward. 

39. Latin for hail! 


41. This element combines with oxygen 


to form silica (symbol). 
42. Nickname for Thomas. 
°43, Thyroid is a ductless _____. 
44. A form of matter. 
45. Height (abbr.). 
47. Form of the verb to be. 
49. Tensile strength (abbr.). 


50. Agricultural Adjustment Administra- 


tion (abbr.). 
2. Seedcase of peas or beans. 
04. Layer of skin below epidermis. 
55. Pepsin is a digestive ______. 
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(first name). 


Cochlea is part of the inner _____. 


°31. Part of the blood that does not clot. 


46. 


50. 
51. 


52 


=Q 


03. 





Vessel that carries blood away 
the heart. 

Officer of the Day (abbr.). 
Retina, choroid, and sclera are parts 
Or tee 

Exist. 

Opposite of off. 

A wager. 

He invented the cotton gin (initials). 
Middle region of an insect’s body. 
James Hargreaves invented the spin- 
ning 
A barrier. 

Envelope of a fruit. 

Female reproductive cell of animals. 
Any soft baby food. 

Fungus which induces fermentation. 
Infective agent of disease. 

Allow. 

Paramecia are _____ celled animals. 
One-tenth of a meter (abbr.). 

Owed. 

Most cells divide by an indirect 


from 


Egg- forming organ. 

Group of cells. 

Tiny spot. 

The capital of this state is Montgomery 
(abbr.). 

East-Northeast (abbr. ). 

Second largest planet of the solar 
system (abbr.). 

Scottish cap. 

Dozen (abbr.). 

Arrival (abbr.). 

Aircraft Interception (abbr.). 
Promissory note (abbr.). 
Chemical symbol for dysprosium. 
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SCIENCE & MATH BARGAINS 


Order by Stock No. 
Send Check or M.O.—Satisfaction or money 
back! 


BUILD A SOLAR ENERGY FURNACE 


Build your own Solar Furnace for ex- 
perimentation—many fascinating uses. 
Easy! Inexpensive! Use scrapwood! We 
furnish instructions. This sun-powered 
furnace will generate terrific heat— 


> 2000* to 3000°. Fuses enamel to metal. 
Sets paper aflame in seconds. Use our 

Fresnel “cr 14” diameter . ° 
Stock No. 70,130-AK ... Fresnel Lens .. . $6.00 
Postpaid 

GIANT OPTICAL BARGAIN KIT 
You get: PRISM; DIF- 
FRACTION GRATING: 


POLARIZING _— FILTERS: 
5 LENSES DOUBLE-CON- 





VEX, 14 x 48mm; “FUN 
WITH OPTICS” 32-page 
instruction book; ‘““BEGIN 
NER'S ENS KIT,”’ 10 
lenses to make many optical 
items; “STAR & SATEL 
LITE PATHFINDER" Instruction Book; REC- 






10 value 
$3.00 Postpaid 


TANGULAR MAGNIFIER 
Stock No. 50,204-AK 


D- Ieee CONSTRUCTION KITS 


for Science fans, Hobbyists 
Unique new D-STIX are ideal for 
**3-dimensional thinking.’’ Colored 
wood sticks %” thick and “‘ 
on’’ rubber joints, approx. 
diam., fit together fast—help you 
work out molecular structures, geo- 
— figures, structural members, 


A big $ 





shapes, — of all kinds. 
Stock No. 70,209-AK (230 pes.)...... $3.00 pod. 
Stock No. 70,210-AK (370 ona ssweeue $5.00 p 
Stock No. 70,211-AK (452 pes.)........ $7.00 ood. 


Write for FREE CATALOG-AK 


128 Pages! Over 1,000 Bargains! 
America’s No. 1 source of supply for 
Science Students, hobbyists. Com- , 
plete line of Astronomical Telescope 
parts and assembled Telescopes. Also 
huge selection of lenses, prisms, war 
surplus, optical instruments, parts 
and accessories. Telescopes, micro- 
scopes, binoculars, science experi- 
ment items, math learning and 
teaching aids. 


REQUEST CATALOG-AK 


EDMUND SCIENTIFIC c0., 


Barrington, N. J. 
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Aviation IS the future . . . it can be yours! 
Offering you high pay, prestige, security 
. .. @ place in the lead rank of an excit- 
ing field. Choose the aviation direction 
you want, study at world-famous Embry- 
Riddle in air-minded Miami. Top-ranked 
courses in all phases of aviation, including 
Business Pilot with a BBA degree (in con- 
junction with the University of Miami). 
E.R grads ore in demand. Placement service. 


MAIL THIS COUPON TODAY! 


onserirure 


AERONAUTICAL 





Dept. P — Aviation Building ¢ Miami 30, Florida 
Att'n: Dean of Admissions 


I choose aviation! Send me complete infor- 
mation on E-R Aeronautical Training. 


Name 


Address 


City es 


Age 


on oe oe oe oe oe oe oe oe oe ld 


My interest is in: oO Aero-Engineering Tech 


Flight [_] Airframe and Powerplant 
ee ee 


~< 














Around the world in 41 miles 


The story of the Chrysler Engineering Proving Grounds— where our cars 





41 MILES OF ROAD ON 4,000 ACRES 


Here, on this vast outdoor 
automotive laboratory near 
Chelsea, Michigan, our engineers 
can recreate road surface driving 
conditions found almost 
anywhere on earth. 


earned the right to be called ‘‘Pure Automobile” 





4.7-MILE HIGH-SPEED OVAL 


Probably the most precisely engi- 
neered track of its kind. On it, test 
drivers helped prove the 1960 cars 
could withstand four times more pun- 
ishment than previous models. 





THE WORLD'S WORST PLACE TO DRIVE 


That’s the teeth-jarring Endurance 
Road, where we tested cars around 
the clock. Proved: new Unibody has 
twice the torsional strength, 40% more 
beam strength than earlier models. 






TWIN OF STEEPEST PAVED PUBLIC ROAD 


This towering hill duplicates the 32% 
grade in San Francisco’s Arguella 
Boulevard. Severe hill-climbing tests 
helped develop our powerful new 
Economy Slant 6-cylinder engine. 











SLAM-BANG DUNKING FOR 340 FEET 


Chances are you’ll never have to 
drive through a ‘water hazard”’ like 
this 340-foot trough. Our splash-proof 
ignition system was developed in tests 
like this—safer brakes, too. 
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ENGINEERING WORKSHOP, TWO BLOCKS LONG 


Here, four hundred car experts equip, 
study, and tear apart test cars again 
and again. Results for 1960: Pure 
Automobile—The Quick, the Strong, 
and the Quiet. 











Get a free, colorful comic book about a boy’s 
adventures at Chrysler Corporation. Write 
today to Product Advertising Dept., Chrysler 
Corporation, Detroit 31, Michigan. 


The Quick, the Strong, 
and the Quiet from 


CHRYSLER 
CORPORATION 


VALIANT © PLYMOUTH + DODGE DART + DODGE 
DESOTO + CHRYSLER « IMPERIAL 
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Using Science World 
(Continued from page 2-T) 


electron, which he is now using to 
transmit his thoughts, to communicate 
his emotions, to automate his machin- 
ery, to solve with lightning speed prob- 
lems of frightful complexity, to extend 
his senses outward beyond the stars 
and inward beyond molecules. A major 
step in man’s use of the electron was 
the development of the transistor, a 
device as ingenious as it is simple. 

The present article deals with the 
transistor and with the men who helped 
bring it to technical perfection—an 
achievement for which they shared a 
Nobel Prize in physics. The article ex- 
plains the theory of semiconduction and 
describes how this theory led to the 
development of the transistor, both as 
a rectifier and as an amplifier. Bright 
students in physics classes will relish 
this piece. Here are some topics for 
reports that some of these bright stu- 
dents might be assigned to make to the 
class. 


Topics for Reports and Discussion 


1. Describe the “simple” but baffling 
demonstration witnessed by Dr. Brat- 
tain leading to silicon experiments. 


2. Explain why copper is a good 
conductor of electricity and diamond is 
not. 

3. Name some substances that are 
semiconductors and explain how each 
may act as a rectifier. 

4. Describe some of the problems 
that had to be solved in developing the 
transistor as a rectifier, and how these 
problems were solved. 

5. Compare a transistor with a diode, 
and explain how each may act as a 
rectifier. 

6. Explain how a transistor may act 
as an amplifier. 

7. Describe the problems that had 
to be solved in developing the transis- 
tor as an amplifier, and how these 
problems were solved. 


Tomorrow’s Scientists 
(pp. 31-34) 


Scattering of Light 

“Let there be light!”—so begins the 
Biblical description of the Creation. 
To this day, light remains “a form of 
energy the nature of which is not yet 
satisfactorily established” (Columbia 
Encyclopedia). Yet many of its subtle- 
ties have been studied and much of its 
behavior has become interpretable and 
predictable. 


3-T 


Arthur Fankuchen, “playing around” 
with light-filters of his own construc- 
tion, and utilizing synthetic fibers, suc- 
ceeded in making a filter whose par- 
allel fibers caused the polarization of 
scattered light. His trials and tribu- 
lations make interesting reading. But 
the real “payoff” is in his fascinating 
speculations at the end of his report, 
where he points up the possible role 
of “partial polarization” in living or- 
ganisms. 


New Chemistry Film 


A new film, Trapping Free Radicals 
at Low Temperatures, designed for high 
school and college science classes, is 
available for loan or sale from the 
Office of Technical Information, Nation- 
al Bureau of Standards, Washington 25, 
D.C. 

The film is suitable for both chem- 
istry and physics classes. It presents 
the story of one of the most powerful 
sources of chemical energy yet discov- 
ered—the elusive, highly reactive molec- 
ular fragments known as free radicals. 
Free radicals take part in almost every 
chemical reaction. They are especially 
important in high temperature reactions. 
The film may be borrowed free except 
for return postage and insurance. 





Educational Opportunities in Today’s Army 
(See pages 17-24) 


Guide for a Lesson Plan 
Digest of the Report 


The United States Army runs the 
most extensive instructional system in 
the world. The Service schools turn 
out military specialists. Most Army 
posts have educational centers for spare 
time study. Nearby colleges also offer 
off-duty classes, with the Army paying 
75 per cent of the student’s tuition. 
USAFI provides more than 150 courses. 

The Graduate Specialist Program— 
open to high school seniors and gradu- 
ates, and based on enlistment for three 
years—is the newest of the educational 
opportunities provided by the Army. 
Under this program the enlistee is guar- 
anteed the course of his choice before 
he enters the service, subject to avail- 
able quotas. A total of 107 courses are 
available under the Graduate Specialist 
Program. 

Instructional techniques employed in 
an Army Technical School differ from 
those used in the usual classroom. Each 
subject is treated by a cycle of lecture, 
application, examination, etc. 

The Graduate Specialist Program also 
has a dollars and cents value in enhanc- 
ing the opportunity for promotions, as 
well as in providing travel opportunities. 


Pivotal Questions 

1. Why is the high school graduate 
more desirable for the Graduate Spe- 
cialist Program than a drop-out, for 
example? 

2. Why does the Army place so much 
stress on the battery of screening tests 
given applicants for the Graduate Spe- 
cialist Program? Have you ever taken 
an aptitude test? Tell us about it. 

8. It is unfair for the Army to favor 
Army men and women by paying for 
off-duty study. Do you agree? Defend 
your point of view. 

4. Why is it in the best interests of 
the Army and the nation for each in- 
dividual to realize his full potential? 
How does education help each of us? 

5. Travel is a valuable part of the 
soldier’s education. While the soldier 
is learning through travel, how is he 
also “teaching” by representing America 
abroad? 

6. What are some of the values of 
recreation to the individual? Why does 
the Army place so much stress on rec- 
reation? 

7. The privilege of enlisting in the 
Graduate Specialist Program is open 
only to high school seniors who can 
qualify. Is this method of selection un- 
democratic? Explain. 


Aavertisement 
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Strike it rich this summer! 


Attend the University of California’s 
summer sessions. Study for credit. 
Stimulating courses in all fields, from 
a renowned faculty. Sessions at four 
campuses: Los Angeles and Berkeley 
—with cosmopolitan atmosphere; 
Santa Barbara, on the Pacific; and 
Davis, near the Sierra Nevada moun- 
tains. 6 and 8 week sessions. For a 
rich, rewarding summer write today. 
Specify campus in which you are 
most interested. Desk J Office of 
Coordinator of Summer Sessions, 
University Hall, Berkeley 4, Calif. 


UNIVERSITY OF CALIFORNIA 




















Your students count on YO 
for military guidance! 


MAIL COUPON FOR FREE 
GUIDANCE MATERIALS 


They need your advice. 
Your students depend on you to guide them 
toward the right military service decision—the 
decision best suited to their individual future 





plans. When these young men and women ask 
your advice, their very future hinges on your an- 
swers. So be sure youranswersare based on facts. 


You need up-to-date 


sennnnnnnnannnnnnnn 


information. po you have sufficient 


military guidance materials on file? If not, 








please clip and mail the coupon. Request as 
many copies of each free booklet as you think 
you'll need. Your order will be filled promptly. 


a ee ee 


THE ADJUTANT GENERAL 
Dept. of the Army 
Washington 25, D. C. ATTN: AGSN 


Please send me the following booklets. In the box 
next to each title, I have indicated the number of 
copies I need. 


THE SECRET OF GETTING AHEAD. New 48-page booklet 
describing Army educational opportunities open to high 
school graduates only. 


MEET THE MODERN ARMY. New booklet showing how to- 
day’s Army is truly modern. 


WHAT ARE YOUR SON’S CHANCES OF MAKING GOOD? 
12-page booklet for parents describing their son’s oppor- 
tunities in today’s Army. 


THIS IS HOW IT IS. Factual preview of a young man’s first 
few months in the Army. 


MILITARY GUIDANCE IN SECONDARY SCHOOLS. Recently 
up-dated military orientation reference manual for guidance 
counselors and teachers. 


aie ft 


WNL TODA 


STW-6-4-60 


ARMY OCCUPATIONS AND YOU. A comprehensive refer- 
ence handbook explaining Army job training opportunities. 
For teachers and guidance counselors. 


MOTION PICTURES: The Army has several excellent films available 
for showing to students or community groups. Each dramatically 
portrays the problems of a high school youth about to enter the 
service. Want more information? Please check this box. [| 








ADDRESS. 





CITY STATE 








HIGH SCHOOL 


POSITION. 
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